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PREFACE 


The  present  work  consists  niainlj?  of  reprints  of  the 
more  important  articFes  T  have  tontribiiiod  to  reviews  and 
other  periodicals  during  the  thirty-five  ^reara  from  1865 
to  1899. 

I  have  ventured  to  call  them  **  Studies/'  because  the 
larger  part  of  them' deal  with  problems  in  vbich  I  have 
been  specially  interested,  and  to  the  comprehension  and 
solution  of  which'  Ihave  devoted  much  tinV^  aild  thought. 
Many  of  these  problems  ^^re  connected  A/ith  the  modem 
theory  of  evolution,  otbcTS  with  ifnportiin<i  geological  and 
physical  theories,  others  again  with  educational,  political, 
or  social  questions.  They  are  dealt  with  either  in  the 
way  of  exposition  or  criticism,  and  in  several  cases  they 
contain  novel  views  or  fresh  arguments,  strengthening  the 
case  in  favour  of  some  of  the  disputed  theories. 

In  order  to  make  the  subjects  discussed  more  interest- 
ing to  the  general  reader,  I  have,  wherever  possible,  in- 
troduced copious  illustrations,  and  this  haij  led  me  in 
many  cases  so  to  modify  and  enlarge  the  original  article 
as  to  render  it  a  new  piece  of  work.  Those  which  did  not 
lend  themselves  to  illustration  have  received  a  careful 
revision. 
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I  have  now  only  to  thank  the  various  editors  and  pro- 
prietors of  periodicals  (or  books)  in  which  the  articles  or 
parts  of  them  first  appeared,  for  permission  to  reprint 
them. 

I  have  also  to  express  my  thanks  to  the  numerous 
friends,  the  scientific  societies  and  the  publishers  and 
authors  of  illustrated  works,  for  the  various  photographs  or 
engravings  I  have  been  permitted  to  make  use  of  for  these 
volumes.  As  regard  both  text  and  illustrations  full 
acknowledgment  is  made  in  the  table  of  contents,  and 
sometimes,  where  it  sepuied  specially  needed,  in  the  body 
of  the  work.        .  •  *.  :  •  .-   /  • 
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CHAPTER  I 


IKACCESSJBLE    VALLEYS — A  STUDY    IN    PHYSICAL 
GEfXlRAPHY 

Most  readGrs  of  that  il  a  light  fa  I  story  Lm^ui  Boons  must 
have  been  interested  in  the  curious  valley  oecu pied  by  the 
Dijune  outlaws  aw  an  altnosfc  impifgnable  stronghold.  It 
b  described  as  being  about  a  mile  lang  and  a  quarter  of  a 
mile  wide,  the  nearly -level  bottom,  through  which  mn  a 
mountain  streani,  being  bountled  on  each  aide  by  a  wall  of 
rock,  eighty  or  a  hundred  feet  high.  At  the  two  ex- 
tremities, these  walls  approat^hed  each  other,  forming 
narrow  ravines^  through  which  the  little  river  entered  and 
escaped  from  the  valley.  At  the  lower  end  there  was  a 
considerable  fall  or  cataract,  over  a  long  steep  slope  of  rock 
bounded  on  each  side  by  vertical  cliSsj  so  that  the  only 
entrance  was  up  the  steep  and  slippery  rocks  fonning  the 
bed  of  the  tonent,  quite  impracticable  except  to  a  good 
barefooted  climber  At  the  upper  end  there  appears  to 
have  been  also  some  natuml  barrier,  the  stream  being  de- 
scribed as  nmning  for  a  short  distance  underground  ;  but 
nide  rock -arches  had  been  built  over  it,  forming  a  kind  of 
tunnel  entrance  to  the  valley,  which  could  be  easily 
guarded  or  blocked  up  altogether, 

If  this  description  applied  Uy  any  real  locality  we  should 
have,  on  a  small  scale,  all  the  features  which  characterise 
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an  **  inaceeasible  valley^"  the  sides  foniied  by  rocky  preci- 
pices, while  at  the  upiK*r  and    lower   emk   are    narrow] 
^iirgey  n.^n(lered  iiii|>racticable,  either  by  waterfalls,  t>r  byl 
th(>  streiun  tilling  i^p  the  channel  at  its  narrowest  jiurtion 
where  the  vertical  side  walls  leave  uu  fLHjthaltl     On 
recent  vimt  I  found  that  although  the  whole  surroundinj^ 
ctJiintry  is  very  accurately  described ^  the  rivers  and  villagea 
bearing  their  true  names  so  that  the  Doone  valley  can  bo| 
esisily  localised,  yet  it  has  none  of  the  peculiar  featur 
given  to  it  in  the  story*     On  a  Iat*.*ml   streani  that  joins' 
the   larger   valley  there  is  a  very  channing  little  citscade 
which  h  8aiil  to  have  given  the  iilea  of  the  water-slide  up 
which  John  Rigj^  elauibered   when   he  Hrst  entertnl  the 
Doone  valley,    It  is  well  shown  in  the  accomjmnying  photo^ 
graphic  print,  bnt  in  place  of  the  lateral   vertical  cliffs™ 
there  a!e  only  somewhat  rugged  slopes  very  easily  ascended, 
and  the  little  valley  above  it  is  oj*en,  with  gentle  slof 
on  either  side  and  not  a  clift'to  be  seen-     Neither  is  ther 
anything  corre^^pondiug  to  the  dvQp    black   j>ool  at  th^ 
hot  to  in  of  the  e^iseiide,  so  that  the  enthusiastic  tourist 
greatly  disixpjKjintedj  and  the  people  at  the  nearest  hoiu 
in  the  valley  are  said  to  have  been  alniost  driven  wild  hjf 
the  constant  stream  of  inquirers  till,  jxs  a  juejisnrc  of  self 
defence,  they  provided  refreshnients,  and  in  this  way  ol 
tained  some  rosvard  fcir  their  trouble  and  loss  of  time. 

Persons  who  know  Exmoor  thoroughly  say  that  there  is  ] 
such  valley  in  any  part  of  the  district,  and  that  the  talentc 
author  has,  in  this  [XJrtion  of  his  work,  drawn  vvh<illy  oij 
bis  imagination  for  his  facts.     Nor,  so  far  as  I  am  a  war 
has  such  a  valley  been  described  in  any  part  of  [he  Britlsl 
Isles,  or  even  in  that  land  of  rock -girt  valleys  and  nar 
gorges,  Switzerland.     In  fact,  considering  how  very  comJ 
moll  are  each  of  the  four  elements  retpvircd  to  form 
inaccessible  valley,  it  is  remarkable  how  few  sitch  valleyl 
exist  in  any  part  of  the  world.     These  elements  arc%  eithci^ 
a  waterfall  (^r  a  water-blocked  gorge  at  each  end,  and  1 
sides  to  be  walkuj  by  a  continuous  line   of    preeipic 
Valleys  with  rocky  walls  on  one  side  and  a  narrow  gor 
for  outlet  are  frequent,  but  then  the  opposite  side  hii 
slopes  which  render  it  easily  accessible,   Not  unfreiiuentH 
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there  is  a  ravine  with  waterfalls  as  the  upper  outlet  also, 
but  in  ahuost  every  ciise  there  is  some  break  in  the  rook 
walls  on  one  side  or  the  other  with  easy  slopes  for  the 
entrance  of  men  and  animals. 

The  only  considerable  valleys  that  can  be  classed  as 
originally  inaccessible — though  of  coui'se  no  valley,  any 
more  than  any  mountain,  is  absolutely  so-^seem  to  be,  the 
Yt>8eniite  in  California,  and  the  valJe}^  of  the  Grose  and 
Cox  rivers  in  New  South  Wales.  It  niay,  therefore^  be 
interesting  to  t! escribe  these  valle}'^,  which  are  in  many 
ways  very  remarkable.  The  theories  that  have  been  sug- 
gested to  account  for  thenx  may  then  be  considered ;  and 
we  shall  thus  be  led  to  discuss  the  general  theory  of 
valley- formation  and  the  peculiar  combination  of  condi- 
tions which  in  these  two  verj- dissimilar  cases  have  led  to  a 
somewhat  similar  result. 


The  Yose7nUe  VaUty  and  iU  sitpposed  OHf^ifi. 

The  Yosemite  valley  is  a  portion  of  the  upper  course  of 
the  Merced  River,  which  rises  near  the  summit  of  the 
Sierra  Nevada  about  170  miles  almost  due  eiist  of  San 
Francisco.  This  greJit  mountain  range,  forming  the 
western  edge  of  the  lofty  table-land  of  which  the  Rocky 
Mountains  form  the  eastern  bonier,  has  a  very  gradual 
up  wan!  slope  from  the  central  valley  of  California,  the 
distance  from  the  foothills  to  the  summit  varying  from 
sixty  to  eighty  miles,  while  the  height  is  from  8,0Q0  to 
nearly  15,000  feet.  This  average  slope  of  from  100  to 
250  feet  in  a  mile  is  rendered  exceedingly  irregular  by 
numerous  large  winding  valleys^  some  with  easy  slopes, 
some  more  precipitous,  and  al!  more  or  less  covered  with 
forest  so  as  to  render  the  journey  from  one  point  to  another 
both  circuitous  and  difficult.  The  higher  portion  of  the 
Sierra  Nevada  is  usually  of  granitic  rock,  low^er  down  are 
metamorphic  slates,  followed  by  enormous  beds  of  late  ter- 
tiary grnvels,  which  are  often  covered  with  great  sheets  of 
lava  and  ashes,  bearing  witness  to  the  nn morons  volcanoes 
on  the  summit  of  the  range  at  a  peri<x]  geologically 
very  recent.    The  Yosemite  valley  is  situated  a  little 
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iVG  the  middte  of  the  alope,  and  entirely  in  the  granite 
region,  which  is  here  very  wide.  It  is  about  seven 
mi  las  long  and  from  half  a  mile  to  a  mile  wide,  the 
bottom  nearly  level  but  rising  slightly  to  the  base  of  the 
cliffs  on  either  side.  These  precipices  are  among  the 
grandest  in  the  world,  some  of  them  absolutely  perpen- 
dicular from  base  to  summit,  others  with  alternate  slopes 
and  rock-cliffs,  but  everywhere  equally  inaccessible  to  the 
ordinary  traveller,  except  in  a  few  places  by  narrow 
shelves  and  steep  gullies  originally  diseovered  by  the 
Indians  and  since  lUMle  into  practicable  paths  or  roads. 
At  the  lower  eml  the  valley  becomes  narrowed  into  a 
deep  ravine  or  canon  for  a  considerable  distance*  while 
at  the  upper  end  it  branches  out  into  three  etjually  rock- 
walled  valleys  with  grand  waterfalls,  leading  up  to  the 
crest  of  the  mount^iin  mage. 

This  i^cmarkablc  valley  uiay  be  said  to  average  about 
half  a  mile  in  vertical  depth,  but  some  of  the  precipices 
that  give  it  so  impressive  a  character  are  considerably 
more  than  this  height,  El  Capitan  at  the  lower  end  of 
the  valley  being  a  smooth  vertical  wall  of  granite  3,300 
feet  high  with  no  visible  crack  or  knlge  upon  it  from  top 
to  bottom,  as  shown  in  the  accomjianying  illustration. 
Cathedral  rock,  nearly  opposite  El  Capitan,  is  2,600  feet ; 
the  Sentinel  rock,  nearly  the  middle  of  the  south  side  of 
the  valley,  is  over  3,000  feet;  while  the  Half  Dome  at 
the  upper  end  of  the  valley  is  no  less  than  4,737  feet 
high,  the  upper  1.500  feet  of  which  is  quite  vertical, 
while  the  lower  part  slopes  at  an  angle  of  60^  or  70"', 
and  iH  partly  concealed  by  fallen  fmgments*  The  great 
dome-shaped  masses  of  granites  are  a  chamcteristic  fea- 
ture of  the  Sierra  Nevada,  as  they  are  of  some  other 
granitic  regions.  Nearly  opposite  the  Half  Dome  is  the 
North  Dome,  3,568  feet  high,  its  simimit  beautifully 
rounded,  but  broken  lower  down  so  as  to  show  the  con* 
centric  layers  of  which  it  is  formed.  The  Sentinel  Dome 
on  the  south  side  is  of  similar  eharacter.  The  Half 
Dome  IE  exactly  like  the  other  domes  in  character,  but 
appe^irs  as  if  cut  off  vertically,  leaving  the  southern  half 
uite  perfect  and  of  a  fine  spherical  contour. 
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The  two  illuetmtions  (Figs,  8,  4)  which  face  each  other 
over  leaf,  well  serve  to  show  the  character  of  the  twiddle 


portion  of  this  woiutfrful  valley,  both  aa  to  its  precipices, 
rtjck -pinnacles,  and  watorfallH  ;  while  the  numerous  slender 
pines  and  fini,  from  200  to  250  feet  high,  exhibit  the  most 
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Dhamcteristic  tjrpo  of  the  forest  vegetation  of  the  Sierm 

Ijfevada  raDge. 

Professor  J.  D.  Whitiicy,  fonncrlj  State  Geologist  of 
yalifomia,  thus  chanicterisos  the  valley  in  his  iosemUc 
luide  Book : 

The  principfil  fefvture«  of  the  Ycifieitiite,  and  th«se  by  which  it  is 
stinguuthed  from  fill  other  known  r/fclleyM,  are  :  first,  the  near 
roach  t<>  verticalitj  of  its  walls  ;  aoctiutl,  thuir  groat  height,  nut 
[ily  ifcbtiiiluUjly^  but  ub  oomjmred  with  thi>  width  of  thu  valley 
elf  ;  and,  fiimlly^  tlie  very  «ni?ill  amount  iif  ifdunt^T  dihrim  iki  the 
}  of  these  gigantie  cliffs*.  These  are  fhv  great  uharacterietic 
ntures  of  the  Yuseiiiite  thrtiuglitmt  it**  wholu  length  ;  hixt,  l>emde« 
be»e,  there  ure  many  other  striking i>ecu I laritieHS  and  foatuix^H,  J>*ith 
*  ftuhliniity  and  licauty,  wbiclican  hurdly  he  suri^isHeil,  if  c<iual]ed, 
by  thofio  of  any  uiountifcin  valley  a  in  the  world.  Either  the  domes, 
the  waterfallii  of  the  YfiBeuvite,  or  any  Htngle  one  of  thern  even, 
rould  bu  HulKcient  in  any  Eurttpeiin  country  to  attract  tra  veil  era 
rom  far  and  wida. 

The  origin  gf  this  wonderfiil  valley  has  been  a  puzzle 
gven    to  geologisLs.     After   describing    tliu   fn rituitiun  of 
lost  of  the  valleys  of  the  Sien-a  Nevmla  as  being  due  to 
lenudation^  Professor  Whitney  says  i 

Tfie  eriMledcailonsof  the  Sierra,  how  over,  whose  ft  a  mat  ion  b  due 
to  the  action  of  water,  never  have  vurtitwtl  walk,  nor  dii  theii*  iKid«« 
prcfient  the  jwculiar  angular  forms  which  are  ween  in  the  Yosemite, 
AS,  for  instfince^  in  El  CapiUm^  wbure  two  |ierpontlicular  j^tirface^ 
'  Hrnootb  granite,  more  than  H,(HJ<>  feet  high,  meet  each  other  at  a 
ht  angW,  Tlie^Hj  miuarely-eut,  re-entering  angles,  like  tho4*e 
below  El  Caialan,  and  liotwcon  Cathedral  Rock  and  theSontinel,  or 
in  the  lUilouotte  caficm^  wore  never  priKlncod  by  ordinary  orosion. 
Much  les8  eon  Id  4iny  »neh  eauHo  be  called  in  Ui  account  for  this 
j>ecnli;ir  formation  t if  the  Half  DurrJe,  the  wi'ticnl  portion  of  which 
i»  all  above  the  ordinary  lev^d  of  the  walls  of  tlie  valley,  nHing  2,000 
feot,  in  Niibliine  iiwdHtion,  above  any  ["mint  which  ctmld  have  laicn 
hetl  by  denuding  i^^'enciea,  even  Jiupposing  the  current  of  water 
have  filleil  tlie  whole  valley. 


Kf'i 


He  then  goen  on  to  discu.Ks  the  possible  agency  of  ice, 
whieh  he  disioissesa  iis  quite  inadequate.  Valleys  formed 
by  fissures  of  the  earth's  erust  are  then  discussed,  tu]d  it  is 
ahown  that  the  Yoseinite  cannot  have  been  fornufJ  in  this 
vay,  partly  because  it  is  too  wide,  and  alstJ  because  there 
is  no  corres]x>ndence  between  the  opposite  sides. 

In  default  of  any  of  the  usually  accepted  theories 
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valley-formatioii.  Professor  Whitney  has  been  led  to  adopt 
one  which  has  hardly  yet  been  recognised  by  geologists 


J-M.t.       (..■"•■h.lSn    If    VAE,l.k', 


as 'probable  or  even  posfiible,  and  which  he  describes 
follows : 

We  conceive  tliAt,  during  the  prriceHw  of  uphijaval  of  the  Sbrm, 
or,  iKDHHihlVf  Jit  some  time  nituT  that  had  taken  {iluce,  there  wns  at 
the  Voaeimta  u  subaidenoe  of  re  limited  areay  mai'ked  by  linea  of  fault 
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fisaureii  crossing  each  other  nearly  at  tight  JingleH,  Tn  other  and 
lirire simple woftls,  the  bott<jin  of  t!ie  VH-Uey  fiank  down  t^iiui  unkrtown 
epth,  owing  Ui  jt8  support  biding  withdraw n  from  underneath  during 


Ml  it.    VALt.tiV. 


some  of^thofto  convulsive  iii<i\'oiiieiits  whi«h  uiUHt  huvc  atii^nclod  the 
iiphoiiviil  **i  B«i  t^xti^nnivu  fitiJ  t^lerat'ed  a  chain,  nu  u tatter  how  slow 
We  intagine  the  proceH»  U*  liave  been. 

After  tshowmg  that  subsidence  is  a  well-ascertained  fact. 


L 
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the  only  difficulty  in  this  place  being  the  great  vertical 
displacement  of  such  a  sinall  area,  he  adds : 

By  the  ftd option  of  tJie  subsidence  theory  f(tr  the  formation  of  the 
Yo8eiuite  we  arc  able  to  ^ot  over  one  ditliciilty  which  appears 
in»^uritiounkible  with  any  other*  Tliis  ia^  the  very  small  amount  of 
di'brvt  nt  the  htme  of  the  cliftk^  and  even,  «t  a  few  jx»intfi,  its  entire 
lihmiiQQ,  Wo  Bee  that  frrtguient*i  of  rock  are  loosened  by  ruin,  frost 
and  other  natunU  cAimes,  along  the  waUh^  and  probably  not  a  winter 
elapsoa  that  some  great  uui^fi  of  detritus  dot?H  not  come  thundering  j 
down  fn>m  above^  adding  m>  inconwiderable  amoinit  to  the  tnhts.  I 
Several  of  thesu  greJit  r<>clc-avalryic!iL»«  havo  tjtken  place  Bince  the  ' 
valley  wan  inliabitt?d,  Une,  which  ft'll  near  Cathedral  Rni^k,  is  said 
Ui  havtj  shaken  the  valley  like  an  earthiiuake.  Tlus  abnu'iion  of  the 
LHl^eB  tif  the  vuUey  Ivm  uni|uef*tionalily  l»een  going  od  during  a  vai*t 
jieriod  of  timu  ;  what  U^iH  bueonic  of  the  detrital  material  ?  Boiiie 
riuwiseB  of  gran i to  now  lying  in  the  valley  are  aa  large  aa  houiiea. 
Such  nia8«en  tm  these  couhl  never  have  l>een  removed  from  the 
y alley  by  currents  of  water.  .  ,  ,  It  appejirw  tt>  uh  that  there  in  no 
way  of  di»]^KiK]ng  of  the  vast  mans  of  detritua,  which  nnist  have 
fallen  from  the  walla  of  the  Y<jftemite  fiince  the  f^mnatitin  of  the 
valley,  except  by  Ji^isuming  that  it  has  gone  down  to  ^  tlxe  abysa 
which  waa  (ij>ened  by  the  subsidence  which  our  theory  supposes  Ut 
liave  tj.iken  place* 

This  extraordinary  theory,  put  forth  by  an  experienced 
geologist  in  1874,  will  probably  not  be  accepted  now ;  but 
it  serves  to  i^how  thafc  the  Yoscniite  has  always  been  con- 
sidered a  remarkable  and  exceptional  valley  which  could 
only  have  been  protlueed  by  some  equally  exceptional 
causes.  A  visit  to  the  vaUey  a  few  years  since  satisfied 
the  pmst^nt  writer  that  the  modern  and  now  gcnurallj  _ 
accepted  theory  of  valley -formation  is  quite  suflicient  to  ■ 
account  for  the  Yosemite,  though  its  features  have  been 
rendered  almost  unique  by  the  peculiar  character  of  the 
roeks  out  of  which  it  has  been  hollowed,  combined  with 
the  meteorologieaJ  and  physical  conditions  of  the  locality, 
both  now  an()  during  the  latter  part  of  the  tertiary  epoch. 
After  having  described  the  AuBtralian  valleys  referred  to 
at  the  commencement  of  this  chapter,  an  attempt  will  be 
made  to  show  that  both  are  true  valleys  of  denudation* 

The  CoiX  and.  Grose  Valk}/$, 

In  stime  respects  the  valleys  carved  out  of  the  great 
Baadstone  plateau  of  New  South  Wales  arc  even  more 
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:j mailable  than  the  Yosumite  itself-     This?  plateau  forms 

the  eastern  side  of  the  Blue  Mountainn,  and  at  its  eastern 

fiargin  is  about  1,000  feet  above  the  sea  level  ;  but  going 

westward  it  rises  about  LOO  feet  in  a  mile,  so  that  at  its 

further  side,  at  a  distance  of  twenty-five  miles  it  is  3,400 

Jeet  above  the  sea.     This  slightly  undulating  monotonous 

surface  is,  however,  deeply  intersected  by  widely  bmnchin 

ravines  which  increase  in  depth  as  v^re  proceed  west  war 

and  which  everywheto  present  perpendicular  cnigs  and 

cliffs  of  a  very  remarkable  character.     The  ravines  which 

lischarge  their  waters  into  the  little  river  Cox  occupy  an 

ireA  of  1,212  square  niilea     The  whole  forms  the  basin  of 

[this  mountain  streani,  and  is  bounded  by  cliffs  increivsing 

from  about  1,000  feet  near  its  outlet  to  about  2,500  feet 

[near  its  western  limits,  the  valley  bottom  being  not  much 

pbove  the  sea  level,  and  the  only  outlet  being  through  a 

Sforge  about  a  third  of  a  mile  wide. 

Further  to  the  north  is  the  smaller  valley  of  the  Grose, 
>vhuse  diverging  ravines  interlock,  as  it  were,  with  those 
of  the  Cox,  forming  a  gi*eat  obstacle  to  the  early  exjilorers 
in  their  attenipts  to  cross  the  plateau*  The  (J rose  valley 
has  still  grander  precipices  than  that  of  the  Cox,  rising  at 
the  upper  end  to  3*000  feet  iti  verticiil  height.  The  best 
account  of  these  valleys  is  that  given  in  Darwin's  work  on 
Vokanw  hktnds,  the  Ijist  chapter  of  which  Is  devoted  to 
Australia  and  other  places  visited  on  the  honievvard 
voyaga     He  says : 


It  irt  lii^t  iifmy  Ui  c*jnci*iv«  a  tuma  njJLgJiificerit  HiMjcUido  than  m 
iTo»etited  t4j  n  liefKoii  walking  im  tht^  Huuniiit  phLiiiH,  wbt;n  wjthfiut 
itiy  Di»tice  he  arrivuw  at  the  brink  of  mvu  of  thk^Hn  tliffH,  which  riro 
I  |ieq»endiculrtr  that  hn  cun  Hiriku  with  a  Nti>nu  (hk  1  Ijhvo  tried) 
tho  trees  grtjwing  at  a  depth  al  l»o*}0  fcut  ijoIi»w  htiu  ;  on  l>i>th 
hands  bo  sees  heiulland  beyund  hundhtml  t.if  the  rocedii^g  Uno  of 
diff,  aud  on  the  op|hjHit<j  «i(.lo  t*f  thu  vidley,  often  at  u  dii^t^noe  of 
Hevei^l  miJe^,  he  huhuld;^  jimtthur  line^  rising  up  Ui  tbu  HFOtie  height 
with  th&t  on  which  he  stiindei,  and  fcjtmed  of  the  aame  homtmtjd 
Nfraiji  of  j;nle  8fin*lHtone.  Tho  btitt^JiHH  of  theae  valJeyn  are  modiir- 
Ately  level,  mnX  the  fidl  of  tho  rivers  flowing  in  theni^  according 
U)  Sir  T,  Mitchell,  very  gentle.  Tl^u  main  vsdleyw  oft^o  eiend  into 
tho  platform  great  liay-liko  armn,  which  exjiand  at  tliuir  uptH^r  e»ds  ; 
ftud,  (in  the  other  hand^  the  platform  i^ft-en  sendn  proinontLiries  into 
>  the  valleys^  and  even  leaves  in  them  grejit,  ahnoiiit  inaulatedi  mas^eH, 


u 
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So  continuous  M*e  the  bounding  lines  of  cliff,  that  Ui  descend  into 
Borne  of  those  valleys  it  m  necenmry  Ui  gu  routid  twenty  in  lies  ;  and 
into  others  tlio  siirveyin-a  have  only  l;*tely  penetrat'Ocl^  and  the 
colon iHt^  have  not  yet  heen  able  t^*  drive  in  their  cattle.  But  the 
most  remaikalile  [joint  of  structure  of  these  valleys  m  that,  although 
Beveral  miluN  wide  at  their  upper  ijaita,  tliey  generally  contract 
towards  thi^iir  uioutlm  ta  ijuch  a  degree  &a  to  beeume  iinpai^iiable. 
The  Survey  or 'General,  S*!ir  T*  Mitcliell,  iu  vain  endeavoured,  first 
on  foot  and  then  by  craw  ling  between  the  great  fallen  fragmentB 
of  sandfttijue,  to  Ascend  through  the  gorge  by  whitsh  the '  river 
QroBe  joins  tUo  Nepeiin  ;  yut  thu  vallt^y  of  the  Gr^iae,  in  ita  upper 
imrt,  aa  I  ^iw,  fia^tii^  a  uiagnitieent  ba^in  »unie  uiilt^B  acroufi,  and  is 
on  all  sidu»  surrounded  by  cliffs,  the  8unnuil*i  ^>f  wdiich  are  nowhere 
leas  than  3»(KXJ  feet  above  the  sc^a-levul.  When  cjittle  are  driven 
into  the  vidley  i»f  the  Wolgan  by  a  jiath  jiartly  cut  by  the  eoloniats, 
they  camtut  e^citpe  ;  for  tliiii  vidley  *m  in  every  other  part  surrouniled 
by  ptsriiendicular  clifffri,  and  eight  miles  luwer  down  it  contiracte 
from  an  average  width  of  half  a  mile  to  a  ntere  chasm,  iinpassable 
Uj  man  or  be^^kstJ 

Tho  viev^^  here  described  by  Danvin  h  that  from  "  Go- 
velt's  Leap  "  into  the  Gruse  Valley,  and  is  shown  in  the 
acconi]mnying  re^jrud  net  ions  irum  photogiixphs  (Figs.  5,  6), 
but  I  have  not  been  able  to  obtain  any  ready  gcmd  views 
of  the  interior  of  these  remarkable  cliff-bound  valleya 
They  are  also  described  in  Darwin*a  Na&uralwfa  V&i/agc, 
p.  438. 

The  origin  of  these  valleys  appoarg  to  have  been  as 
great  a  pu^le  to  the  early  explorers  as  was  that  of  the 
Yoseinite.  81  r  Thomas  Mitchell  estimates  that  134  cubic 
miles  of  rock  must  have  been  removed  from  the  valley  of 
the  Grose  alone  ;  and  he  remarks  on  the  absence  of  indica- 
tion of  the  agency  by  which  these  vast  masses  of  stone  have 
been  carried  away,  there  being  no  aecnm illations  of  sandi 
though  there  are  many  huge  blocks  of  rock,  scarcely  worn 
by  attrition,  in  the  IkkI  of  the  stream,  while  in  the  valleys 
below,  instead  of  fliindy  deposits,  there  is  a  rich  alluvium. 
Even  Darwin  Wiis  staggered  at  the  idea  of  these  enclosed 
valleys  being  hollowed  out  by  aqueous  erosion.  Neither 
does  he  accept  subsidence,  on  account  of  the  numerous 
irregidarly  bmnching  arms.  The  i-esembhince  of  the  cliffs 
to  those  of  a  bold  sea  eoiist  suggests  marine  action,  "but 

*  Thu  Wulgiunsa  north  weateni  tributary  i>f  tho  Hnwkeabury  Riveri 
wlititi  tlie  Niipeaii  add  Urwie  rivers  How  into  it  from  the  south -west. 
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then/*  he  remarks,  "occitrs  the  startling  diflicultyj  why 

has  the  sea  worn  out  these  great.,  though  circumscribed, 
depn*Scsions  on  a  wido  jilatf^jrin,  and  h»ft  mere  gorges, 
through  which  the  whole  vast  ainotint  of  triturated  matter 
TuuBt  havL'  bt'on  carriwl  away  i ''  P^inallj,  he  suggests, 
that  marine  currents  often  form  banks  of  mo.st  irreguhir 
form,  and  so  steep  that  a  small  amovmt  of  subsequent 
ertision  during  elevation  might  ti>nn  them  into  cliffs.  We 
must  consider,  however,  that  thiH  plateau  has  certainly 
been  elevated  since  the  hitler  part  of  the  secondary  period, 
le-aving  ample  time  for  any  amount  of  denudation ;  and 
Mr.  Beete- Jukes,  in  his  Skdeh  of  the  Phymal  JSirtidure  of 
Audndia,  informs  us  that  similar  valleys  abound  through- 
out the  giTat  sandstone  formatit>n,  both  at  high  and 
low  k;vels  ;  and  they  have  so  exactly  the  character,  in  the 
f  1  i 8 1 r i  1 J 1 1 ti on  n f  t  h e i r  d  i  \' e I'gi ng  branches ,  of  ord i  nary  streams 
carrying  off  the  dniinage  of  a  slightly  inclined  surface,  that 
no  exceptional  origin  for  them  st^ems  needful  This  will 
1k^  more  clear  wlien  we  have  discussud  the  mtHrlern  theory 
of  valley'f^*rniatiun  and  the  special  characteristics  of 
the  r(K'ks  in  which  these  remarkable  valleys  have  been 
excavated, 

IIovj  Valleys  arc  Fvnntd. 

One  of  the  most  common  ideas,  when  a  person  sees  a 

deep  gorge  or  ravine  b(iunde<!  by  loftj  precipices,  is,  that 
the  rocks  have  been  tnrn  asunder  by  some  earthquake  or 
other  subterranean  rnovemenL  A  "  convulsion  of  natui^  *' 
is  almost  always  referred  to  in  pojnilardescriptiuns  of  such 
scenes.  Till  recent  years  even  geologists  considered  that 
many  valleys  were  s^j  formed.  The  article  on  the  ''  Geology 
of  the  Alps,'*  l*y  M.  Dcsor,  in  Ihlts  Alpine  Guide,  ])ub- 
Hshed  in  IS70,  gives  ''  valleys  of  disruption  "  as  one  of  the 
fortns  of  Alpine  %^alleys,  and  cit.es  the  defile  of  the  Via 
Mala  on  the  Hinter  Khein,  and  the  valley  of  the  Rhore 
between  Bex  and  Martigny,  as  examples.  He  defines 
them  as  ''eviflently  produced  by  rents  that  have  toin 
asunder  ranges  once  continuous/'  Professor  WhitneVj 
also,  in  his  YoiUf'fnitc  Guide- Bo* ih^  speaks  of  rents  or  fis- 
sures as  one  of  the  recijgnised  modes  of  valley-formation. 
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Now,  however,  it  is  held  by  most,  if  not  all,  j^otogista 
th&t  valleys  are  never  fomied  in  thi§  way.     It'  is  to  the 


late  J.  B«3cte*JukcH,  Director  of  thi^  Goologicat  Survey  oj 
Ireland,  that  we  owe  the  full  oafcablishment  of  the  principle 
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that  "  valloyf;  of  all  kinds,  from  the   most  open  to  the 

most  narmw  and  i»rofound,  are  hallows  worn  by  erosion/' ' 
He  was  struck  by  the  fact  of  many  of  the  rivers  of  the 
south  of  Ireland,  after  running  for  miles  over  low  ]>lains  I 
open  to  the  M-a,  suddenly  turning  at  right  angles,  cutting  ■ 
through  the  hills  by  dBej)  narrow  ravines,  and  so  reaching 
the  sea  beyond  them.  Sometime8  even  the  hills  the 
river  ciit  through  were  isolated,  so  that  the  river  mi^ht, 
apimrcntly,  have  |)assed  round  them  in  either  direction. 
The  explanation  usually  offered  of  these  phenomena  was 
that  the  hills  had  been  fissured  by  subterranean  forces, 
and  that  the  rivers  had  taken  advantage  of  them  t*) 
change  their  course.  But  close  examination  eh  owed  that 
these  ravines  were  not  fissures,  hut  channels  eroded  in 
the  rock,  since  the  solid  rock  could  often  l>e  traced  un- 
broken across  the  very  bed  of  the  stream.  And,  after 
examining  many  ravines  in  different  parts  of  the  world, 
Mr,  Beetc- Jukes  came  to  what  then  seemed  the  veiy 
startling  conclusion  that,  except,  perhaps^  in  districts 
recently  convulsed  by  great  earthquakes,  there  is  no  such 
thing  as  a  glen,  ravine,  or  valley  occupying  the  upper 
pu'tion  of  an  open-mouthed  fissure.  On  the  contrary,  in 
every  case  the  whole  space  between  the  two  sides  of  the 
valleys  was  once  filled  by  rock,  which  has  been  giadnally 
worn  down  and  carried  away.  The  very  frequent  presence 
of  cascades  and  waterfalls  in  such  nivines,  formed  by  a 
continuous  bed  of  hart!  rock  crossing  the  stream,  is  itself 
sufficient  to  disprove  the  theory  of  fissures,  in  which  case 
the  whole  bed  would  present  a  mass  of  fallen  fragmentSj 
filled  in  with  pebbles  and  sand;  but  this  consideration 
seems  never  to  have  nccun-ed  to  the  upholders  of  the 
apparently  obvious  and  easy  theory  of  violent  disruption. 
It  remains,  however,  to  account  for  the  very  common 
phenomenon  of  rivers  apparently  going  out  of  their  way 
to  cut  a  narrow  passage  through  a  hill,  instead  of  follow-  ■ 
iiig  lower  ground  to  a  main  valley  or  to  the  sea.  Such 
in  our  own  count ly  are  the  small  rivers  Ouse  and  Cuck- 
mere,  which  cut    through    the   South  Downs  between 

>  fiiinient^ji  ManuaJ  of  Oedo^.    By  J.  BeeteJuke*,  3rd  ©d.  (editetl 
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Brighton  and  Beachy  Head,  instead  of  following  the  low 
ground  and  reaching  the  sea  between  Eastbourne  and 
St*  Leonards ;  while  the  Avon,  which  flows  through  the 
gorge  of  8t  Vincent's  rocks  at  Clifton,  might  apparently 
have  found  a  much  easier  way  to  the  sea  by  a  more 
northerly  or  a  more  southerly  course,  Mr.  Jukes  ex- 
plains all  these  eases  on  the  principle  that  the  courses  of 
almost  all  the  riven?  of  a  country  were  determined  by  the 
contour  of  the  land  when  it  first  rose  above  the  sea,  the 
surface  water  seeking  always  the  eiisiest  course  along  the 
hollows  and  gentle  slopes,  without  any  regard  to  the 
nature  of  the  nx^ks  beneath.  When  once  these  streams 
had  formed  definite  channels,  it  wan  almost  impossible  to 
alter  them  (except  when  diverted  by  lava  streams  or 
glaciers),  because  movements  of  elevation  are  so  slow  that 
the  rivers  can  cut  their  way  down  as  fiist  as  the  land 
rises  up.  ThuSj  tht*  American  geologists  have  pnjved  that 
the  Uintah  Mountains  were  upheaved  across  the  valley  of 
the  Green  River  after  the  course  of  that  river  was 
established,  and  that,  as  fast  as  they  rose,  the  river  cut 
through  them,  and  now  flows  in  a  tremendous  gorge  or 
cajion.  Another  ilhistrntion  of  the  permanence  of  river 
channels  is  afforded  by  the  Moselle,  which,  although  it 
flows  at  the  bottom  of  a  deep,  narrow  valley  sunk  in  a 
nearly  level  plateau,  winds  about  in  great  curves  and  deep 
horseshoe  bends  exat^^tly  like  a  stream  flowing  over  a  flat 
alluvial  plain.  No  explanation  of  this  can  be  given 
except  that  the  river  began  its  existence  on  a  nearly  level 
surface,  and  after  it  had  estal>lished  its  course  in  the 
characteristic  mnding  fsishion  of  such  streams,  it  has,  in 
the  course  of  long  ages,  cut  its  way  deep  down  through 
the  rockj  and  thus  fomaed  its  present  valley* 

Now,  every  considerable  area  of  continental  land  is 
made  up  of  rocks  and  deposits  of  very  unequal  hardness 
and  resisting  piwer,  from  clays  and  sands  to  the  various 
kinds  of  crysUUline  rock.  Some  of  these  can  be  dissolved 
and  carried  away  by  running  water  much  more  quickly 
than  others;  while  rain,  fnjst,  and  wind,  also  act  npon 
their  exposed  edges  way  unequally.  Hence  arise  the 
peculiar  forms  assumed  by  hills  of  dittereut  composition, 

VOL.   I.  C 


^^ 


18  8TUBIE8,  HCIENTIFIC  AND  SOCIAL  chap. 

and  hence  the  reason  why  valleys  are  in  some  parta  vexjr 
iiarruw  an  J  precipitous,  in  othem  wide  and  open*  It  is 
an  invariable  rule  that  hills  and  mountains  are  composed 
of  the  haiiJer  or  less  soluble  rocks,  the  adjacent  lowhxnds 
and  valleys  of  the  softer  and  more  soluble.  Hence,  we 
sc^e  all  groat  uiountain  ranges  mainly  composed  of  the 
older,  hard,  or  crystalline  rocks,  while  the  lowlands,  plains, 
and  valleys  are  occupied  by  the  newer  and  softer  forma- 
tions. In  our  own  country  the  tertiary  or  secondary 
clays  and  sands  are  found  in  the  lowland  districts,  while 
the  mure  ancient  and  much  hanler  rocks  form  the  hills  of 
Devonshire  J  Wales,  the  I^ake  District,  and  Scotlami 

Keeping  in  mind  the  extreme  inequality  of  the  rate  uf 
denudation  of  different  rocks,  we  are  able  easily  to 
explain  the  apparently  erratic  course  of  so  many  rivers. 
When  the  streams  originated  they  took  their  course  along 
hncs  of  least  resistance,  depending  on  the  form  of  the 
surface,  not  on  the  nature  of  the  rocks  beneath  the 
surface.  Sometimes  this  course  passed  over  ridges  or 
bosses  of  very  hard  rock,  buried  perhaps  htmdredsj  perhaps 
thousands,  of  feet  deep.  But  the  channels  once  fixed 
could  not  be  altered,  and  when  the  bed  of  the  stream 
reached  this  roek  it  cut  down  into  it.  Then,  owing  t^  the 
hardness  of  the  rock,  the  river  channel  would  be  a  gor^o 
or  ravine,  while  all  around  the  softer  rocks  would  be 
denuded  by  frost  and  rain,  so  that  extensive  areas  would 
be  lowered  as  last  as  the  stream  cut  its  narrow  channel 
through  the  hanl  rock,  and  was  able  to  carry  away  the 
denuded  materia!  :  while  the  gravel  or  sjmd  thus  carried 
down  assiste<l  in  wearing  away  and  cutting  out  the  ravine 
through  which  it  all  hatl  to  [jtiss,  Hence^  in  the  coui^e  of 
ages  wu  should  have  the  stream  flowing  over  a  wide  low* 
hind,  perhaps  on  one  side  open  to  the  scaj  and  then 
cutting  straight  across  a  mountain  ridge,  or  even  across 
an  isolated  hill  entirely  surrounded  by  lowlands. 

Not  very  much  time,  geologically  speaking,  is  ret|uirod 
for  such  ojk^rationH.  Hir  Charles  Lye  II  descriljes  a  channel, 
cut  by  the  vixor  8  i  me  to  across  a  lava  stream  from  Etna, 
which  is  over  fifty  feet  wide  and  in  sonu?  parts  forty  to 
fifty  feet  det- ji,     The  lava  is  not  ponnis,  but  is  a  homo- 
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gen  eons  mnm  of  hard  Klue  rock.  Yet  the  tiate  ot  the 
eruption  which  pitxiuced  this  lava  e^troatii  is  known  to  be 
l(i03.*  But  thu  most  wonilerful  example  of  the  power  of 
wat*3r  to  deoudo  and  enxle  the  haidi'st  rocks  is  afftntled 
by  the  great  canon  of  the  Colur.ulo  river.  This  has  been 
cut  for  abijut  4(K)  niile.s  to  a  depth  td'  from  4,000  to  7,000 
feet,  mainly  through  niasi^js  of  hard  j*alaio2oic  rocks  down 
to  the  archamn ,  and  the  whole  of  this  vast  operation  has 
been  performed  in  the  latter  hall'  of  the  tertiary  pt*riod. 
The  formation  of  the  river  be^an,  it  is  true,  in  very  early 
tertiary  times,  but  at  that  epiwh  the  present  surface  wa^ 
buried  about  JI.OOO  feet  deep  in  secondary  rocks,  which 
have  all  been  since  denuded  away,  s^j  that  Capitain  Button 
estimates  that  the  river  has  cut  its  channel  on  the  whole 
through  from  10,000  to  16,000  feet  of  mcf^ozoic,  carboni* 
ferous,  and  other  ancient  rocks,  all  duiing  the  tertiary 
period.* 

Formatwn  of  the  Ijiaceemble  Valley $. 

Keeping  in  mind  these  remarkable  instances  of  denuda- 
tion, let  us  turn  to  consider  the  probable  origin  of  the  re- 
markable  valleys  which  have  seenietl  to  eminent  geologists 
wo  peculiar  as  to  need  some  si>ecial  mode  of  origin ;  and 
we  will  take  first  the  gi'eat  rock- walled  valleys  of  New 
South  Wales,  as  being  the  most  simple  in  their  main 
features* 

These  are  all  excavatc*d  in  sandstones  and  shales  of  the 
carboniferous  system,  though  perhaps  of  mesozoic  a^e. 
The  strata  are  nearly  horizontal,  and,  what  is  espeeially 
imjiortant,  they  are  of  very  unequal  degrees  of  hardness. 
The  upptir  beds  are  usually  conglomerates,  and  are  so 
compiratively  indestructible  that  iisolated  summits  often 
imitate  ruined  castles.  In  places  these  beds  arc  so  hard 
that  boring-tools  vnll  not  penetmto  them,  while  in  other 
jxartv^  the  rock  is  so  incoherent  that  large  bloc^ks  will  break 
m  pieces  by  falling  over  an  embankment^     We  have  here 

*  PrincifdcM  of  fieotogi/^  vol.  i.,  p.35?l. 

*  Tkr  Ttrfiiirif  Hi^iortf  of  fht  </rau4  (Jtifiou  Dii^ficf,  U,S,  Oeofogu^ 
/?»r*^j^,  l8Sr2. 

'  /^emarkn  f/Tf  the  Sedimtjffftry  FommtioH/^  of  y^<  ny  Sotifh  iVidt^,     Bv 
ibe  Rev.  W*  B,  Clarko,  F,K.S.,  RU.a     Fourth  ml,  187B|  p,  12. 
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The  granite  of  the  central  and  highest  jmrts  of  the 
Sien-a  Nevada  is  flanketl  near  tho  Ytisomite  with  SiUirian 
islates,  lower  by  Hoiue  triaajiic  or  jnnissic  beds  fallowed  by 
enormous  tlepostt8  of  late  tertiiu-y  gravels,  which    have  i 
been   largely   preserved   from   dcnndation    by   extensive 
flows  of  lava,  the  remnants  of  which  form  the  numeroiis  I 
table-nioimtainH  so  chameteristic  of  the  lower  slopes  of  j 
the  Sierra.     As  granite  in  a  metamorphic  or  igneous  i*ock  I 
it  c^n  only  have  been  formed  deep  down  in  the  crust  of  j 
the  earth,  where  it  was  exposed  to  the  action  of  great] 
subterranean  heat*     It  is  therefore    certain    that,    wdien] 
first  elevated  to  form  the  masa  of  the  Hierra  Nevada,  it 
was  everywhere  deeply  buried  under  Silurian  and  other 
palaeozoic  roc^ks,  and  not  improbably  under  a  further  deposit ' 
of  niesozoic  age,   These  various  beds,  of  an  imknown  thicl 
ness,  must  all  have  been  denuded  away  before  the  granitic  I 
core  was  exposed,  and  during  that  process  the  main  lines 
of  the  valleys  must  have  been  fixed,  and  the  streams  might 
have  begun  to  cut  their  way  into  the  granite  substratum, 

Although  granite  appears  to  be,  and  sometimes  is,  a  j 
very  durable  rock,  it  varies  greatly  in  its  power  of  resist- 
ing denudation,  owing  perhaps,  in  part,  to  the  nature  and 
thickness  of  the  overlying  rocks,  beneath  or  among  which 
it  was  forctd  up,  and  which  in  some  cases  determined  the 
characteristic  forms  it  assumes  when  exposed  to  atmo- 
spheric agencies.  These  forms  are  either  rude  cubical 
masses,  as  seen  on  some  of  our  Dartmoor  tors ;  peaks  and 
pinnacles,  as  in  some  of  the  Alps  of  Dauphin^  and  in  the 
Cathednxt  spires  of  the  Yo&emite;  but,  more  commonly^ 
rounded  forms  culminating  in  cones  or  almost  perfect 
domes  or  hemispheres,  as  in  the  great  domes  of  the  i 
Yosemite.  (Fig  7.)  It  is  an  interesting  fact  that  all 
these  fonns  occur  also  in  the  granite  region  of  the  Upper  I 
Kio  Negro  in  Brazil  Thj  Cocoi  Mountain  forming  the 
boundary  between  Brazil  and  Venezuela  is  a  qiiadrangnlar 
or  cubical  mass  of  granite,  about  a  thousand  feet  high, 
rising  abruptly  out  of  a  great  undulating  plateau  of  the 
same  rock.  Otht^rs  in  the  same  region  are  conical  or 
dome-shaped ;  and  on  the  southern  bank  of  the  river 
Uaupes,  about  sixty  miles  from  its  mouth,  is  an  isolated 


STtmmS.  SCIENTIFIC  AND  SOCIAL 


I 


dome-ahaped  mountain  about  a  thousand  feet  high,  of  sO'S 
regular  an  outline  aa  to  look   like  a  gigantic  half-globe,^ 
Now,  it  is  G\'idGnt   that  thuse  cubical,  hcniisphcriciilj  and 
conical  hills,  rising  out  of  a   nctarly  lovel   platCAu   which 
extends  for  several   hundred  miles  around   them  in  every 
direction,  must  owe  their  present  position  to   the  slow 
degradation  by  atmospheric  agency  of  the  vast  masses  of  «, 
rock  in  which  they  were  once  buried,  but  whose  desfcrue-  Bj 
tion  they  have  survived  owing  to  their  superior  hardness  or 
tenacity.     It  is  true  the  rocks  in  Bimzil  have  been  subject 
to  tropical  rain    and    heat   and    to    the   powerful  aid  of 
tropical  vegetation  ;  but,  on  the  other  hand,  the  rocks  of 
the  Yoscmite  have  been  exposed  to  the  even  more  power**' 
ful  agencies  of  alternations  of  intense  frost  and  great  aim-; 
heat,  as  well  as  of  torrents  formed  by  melting  snows,  and 
probably  of  occasional  ddbddcs  caused  by  bursting  glacierj 

It  is  well  known  that  granite  often  weathers  very 
mpidly,  sometimes  becoming  completely  decomposed  to  a 
depth  of  twenty  or  thirty  feet,  so  that  it  can  be  dug  out 
with  pick  and  spade,  This  process  of  decomposition  is 
greatly  facilitated  by  the  iiction  of  carbonic  acid  either  in 
air  or  water  Now,  during  the  latter  part  of  the  tertiary 
epoch,  there  was  a  long  period  of  volcanic  action  in  the 
Sierra  Nevada ;  and  as  both  carbonic  acid  and  many  other^ 
powerful  gases  arc  emitted  during  eruptions,  and  also^ 
permeate  the  earth  and  are  absorbed  by  the  water,  we 
should  have  all  the  conditions  for  the  decomposition  and 
denudation  of  the  granite  rocks.  The  alteniations  of 
temperature  on  the  higher  parts  of  the  Sierra  Nevada  are 
very  great.  During  the  long  bright  Californian  summer 
the  action  of  direct  sun-heat  on  the  ex{>osed  rocks  mnst 
be  considerable,  the  air  temperature  in  the  Yosemite 
valley  being  usually  over  80*",  while  at  a  height  of  8,700 
feet  ice  an  inch  thick  is  formed  at  night  in  June  and  July, 
In  winter  at  such  elevations — that  of  the  present  summit 
of  some  of  the  domes— the  temperature  must  fall  beloitfd 
zero  of  Fahrenheit  every  night.  The  alternate  expansion 
and  contraction  produced  by  such  changes  of  temperature 
are  among  the  most  powerful  agencies  m  the  splitting  up 
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and  decofnposition  of  rocks.     Small  cracks  thus  produced 

receive  water  which  freezes  at  night,  and  the  cnick  m 
widc*ned  by  the  irrosiMtiblo  toTQo  of  the  icm  wedge*  It  i** 
by  this  agency  that  tlio  final  touches  have  been  given  to 
the  Yosemito  scenery,  after  all  the  softer  and  more  deconi- 
posabld  portions  of  the  njck  liad  been  removed  by  the 
ordinary  modes  of  weathering.  The  huge  domes  and 
spires,  and  the  suLwjuadrangular  mass  of  F21  Capitan,  must 
be  looked  upon  as  intensely  hard  and  eomjtact  coren  of 
rock  that  remain  after  all  the  more  friable  masst*s  that 
inclosed  them  have  been  removed.  They  show  us  the 
natural  forms  into  which  gi^anite  weathei^,  due  perhaps  to 
the  imxle  in  which  it  hits  i>riginally  eortled  fr(>!u  the 
molten  or  phis  tic  statt*.  In  the  case  of  the  tlonie  the 
miis»  consists  of  concentric  layers,  prokibly  of  different 
densities,  which  jieel  off  successively  like  the  coats  of  a 
gigantic  onion.  On  some  of  the  domes  we  can  see  one  of 
these  coats  partially  removed,  and  the  same  thing  Wiis 
observed  by  myself  in  the  dome-shapcKi  mountains  a.s  well 
as  in  the  smaller  subglobular  masses  of  granite  in  the  Rio 
Negro* 

The   fact   that  the   process   of  denudation,  continued 

perhaps  throughout  the  greater  part  of  the  tertiary  period. 

has  now    eaten  away  all    the   more    friable   and  so  bible 

p^Jrtions  of  the  rocks  which  once  rjeeupied  the  site  of  the 

liley,  leaving  rmly  those  compact  central  masses  which 

re  hardly  affected  by  urdinary  atmospheric  action^  will 

account  for  what  seemed  such  a  great  difficulty  Uy  Fm- 

fe,ssor  Whitney — the  small  amount  of  rock  (Mhis  under 

the  groat  precipices  or  in  the  valley  generally.     For  the 

last  few  thonsanfl  yeai's,  probaTjly,  the   amount  of  rock- 

^ falls  has  been  companitively  small,  so  thut  it  barely  eijuals 

^■trhe  nite  at  which  ntnu^spheric  agencies,  aiilt-d  by  veget^v- 

^Kion,  break  up  and  dec{)mpose   the  fallen  uulhscs,  which 

^Hiteiij  in  the  form  of  the  coarse  gninitic  sand  that  con- 

^^titntes  the  surface  soil  in  all  the  drier  portions  of  the 

valley^  is  gradual ly  canied  by  wind,  rain,  and  melting 

snow  into  the  river,  and  ultimately  into  the  great  bay  of 

^^im  Francisco*     That  some  considenible  amount  of  decay 
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from  the  rock-falls  that  actually  occur  every  year,  but 
from  the  nunien>iis  places  where  great  flakes  or  jutting 
blrxjks  can  be  observed  in  every  stage  of  detachment  frora 
the  parent  rock.  These  fallen  masses,  however  large,  are 
at  once  subject  to  fresh  causes  of  decay*  Almost  all  their 
surfaces  are  t^xjMisod  to  atm(*spheric  action  or  to  expan- 
sion and  contraction  by  heat  and  cold.  Every  crack  and 
cranny  is  seized  ujK>ri  by  vegetation — first  the  lowly  herb, 
then  the  shrub,  later  the  tree,  whose  roots  penetrate  the 
minutest  fissure,  eat  away  the  surface,  or  even  split  oflF 
jKirtions  by  the  power  of  growth.  And  though  in  the  life 
of  a  man  a  block  may  seem  unchanged,  in  a  few  thoustind 
yeai*3  it  may  have  entirely  disappeared  ;  and  such  a  laj^se 
of  time  probably  liears  a  less  proixirtion  to  the  period 
occupier]  by  the  valley's  formation,  than  docs  a  single 
hour  to  the  life  of  a  man. 

It  has  now,  I  think,  boon  shown  that  the  two  remark- 
able valleys  here  described  do  not  owe  their  exceptional 
physical  features  to  any  catastrophic  or  unusual  mode  of 
origin.  Every  characteristic  they  possess  is  fully  ex- 
plained by  that  simple  theory  of  earth  sculpture  by 
atmospheric  agtmcy  which  has  been  found  applicable  to 
the  solution  of  siinilar  problems  in  all  other  jjarts  of  the 
world.  This  theory  does  not,  of  couj'se,  imply  that 
subterranean  movements  have  no  part  in  deterniining  the 
direction  or  hastening  the  excavation  of  some  valleys,  but 
only  that  they  have  in  no  case  produced  the  valleys  them- 
selves. Many  examples  can  oe  pointed  out  in  which 
valleys  follow  fi>r  a  certain  distance  lines  of  fault,  of  the 
junction  of  different  stratfi,  or  of  the  fractured  summit  of 
an  anticlinal ;  but  the  explanation  of  these  cases  is,  pro- 
bably, that  during  elevation  above  the  sea,  wave-action 
produced  slight  hollows  along  these  several  lines  of  weak- 
ness, and  that  the  hollows  thus  formed  were  occupied  by 
the  primitive  rivulets  as  their  line  of  least  resistance 
when  flowing  towards  the  ocean.  But  these  cases  are 
very  few  as  compared  with  those  of  valleys  which  pay  no 
regard  whatever  to  the  geological  features  of  the  under- 
crust,  but  which  cn^ss  over  fail  Its  and  outcrops,  and  break 
through  trans vei'se  hills  and  mountain  ranges,  as  if  the 
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causes  which  determined  their  direction  of  flow  were  of 
an  altogether  different  nature.  And  as  regards  what 
used  to  be  considered  the  most  striking  cases  of  "  valleys 
of  disruption  " — the  narrow  defiles  and  gorges  like  those 
of  the  Trient  and  the  Reuss — it  may  now  be  affirmed, 
that  in  no  single  instance  which  has  been  carefully 
examined  has  any  evidence  of  an  open  fissure  been  dis- 
covered, while  in  most  cases  there  is  the  clearest  proof 
that  the  gorges  in  question  have  been  wholly  excavated 
by  the  action  of  running  water  under  conditions  which 
are  explained  in  Chapter  V. 

It  was  for  the  purpose  of  bringing  clearly  bcifore  non- 
geologic  readers  the  total  inaccuracy  of  tht?  popular  view 
— that  every  rock-walled  valley  or  deep  Alpine  gorge  has 
had  its  origin  in  some  great  "  convulsion  of  nature  " — and 
to  impress  upon  such  readers  the  grand  but  simple  theory, 
which  we  owe  mainly  to  the  late  Sir  Charles  Lyell,  of 
the  efficiency  of  causes  now  in  action  in  producing  the 
varied  contours  of  the  earth's  surface,  that  this  account  of 
some  of  the  most  remarkable  of  known  valleys  has  been 
written. 


CHAPTER  II 

THE  PERMANENCE  OF  THE  GREAT  OCEANIC  BASINS 

That  the  great  Oceanic  Basins,  as  well  as  the  land  areas 
of  the  globe,  have  persisted  throughout  a  large  portion,  if 
not  the  whole,  of  known  geological  time,  is  a  proposition 
which  has  been  accepted  by  writers  of  such  eminence,  and 
is  supported  by  so  many  distinct  lines  of  evidence,  that  it 
seemed  likely  to  become  one  of  the  established  teachings 
of  geology.  Professor  Dana  was  led  to  it  by  a  study  of 
the  development  of  the  North  American  Continent ;  Dar- 
win upheld  it  from  his  study  of  Oceanic  Islands,  and  the 
facts  he  adduced  have  since  been  strengthened  by  the 
discovery  that  the  two  supposed  exceptions  to  the  gener- 
alisation that  no  ancient  sedimentary  rocks  occur  on  such 
islands — Rodriguez  and  St.  Paul's  Rocks — are  no  excep- 
tions at  all.  Two  successive  heads  of  the  Geological 
Survey  of  Great  Britain,  Sir  Andrew  Ramsay  and  Sir 
Archibald  Geikie,  have  advocated  similar  views;  while 
Mr.  John  Murray,  of  the  Chullenger,  holds  that  the  vast 
mass  of  evidence  now  accumulated  as  to  the  nature  of  the 
deposits  on  the  floors  of  the  great  oceans,  indicates  that 
they  are  distinct  in  character  and  origin  from  any  of  the 
widespread  formations  which  make  up  the  series  of  the 
sedimentary  rocks.  Coming  to  the  subject  from  a  totally 
different  point  of  view,  that  of  the  physicist  and  mathema- 
tician, the  Rev.  Osmond  Fisher  arrives  at  similar  results. 
In  the  latest  issue  of  his  important  work,  "  Physics  of  the 
Earth's  Crust,"  he  gives  as  one  of  his  conclusions — "  and 
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that  the  great  oceanic  and  contineutal  areas  have 
never  changed  |ilacea '' ;  and,  in  the  suiiiinarj  of  the  whole 
work,  he  says :  **  The  occupation  of  an  entire  henrisphere 
by  one  great  ocean  m  a  remarkable  circumstance,  anrl  we 
have  seen  reason  for  l>elievin^^  that  this  is  a  very  ancient 
division  of  the  surfiice,  and  that  it  is  probably  a  mistake 
to  sappose  tliat  every  part  of  it  lian  been  sometimes  inised 
above  the  sea,  and  sometimes  depressed  bi.*neath  it,  Tlic 
tmth  seems  to  be,  that  the  region  subject  to  these  altem- 
tions  of  conditions  does  not  extt^nd  very  fiir  away  from  the 
prest^nt  coast  lines/* 

When  studying  the  causes  which  have  bi'ought  abt>ut 
the  geugniphic4il  distribution  i.if  animals,  I  \\i^  cinnpelled 
to  deal  with  this  question,  because  I  ftHmd  that  it  hati 
been  the  custom  of  many  writers  U)  solvu  all  anomalies  of 
distribution  by  the  creation  of  hypothetical  lands^  bridg- 
ing across  the  great  oceans  in  various  directions  and  at 
many  different  epochs ;  and,  having  arrived  at  the  con* 
elusion  that  the  distribution  of  organisms  could  be  nioro 
harmoniously  and  consistently  explained  without  such 
changes  of  sea  and  lantl,  which  usually  createtl  greater 
difficulties  than  those  they  were  intemh^l  to  explain,  I 
gave,  in  my  Idand  Life,  a  brief  statement  of  the  evi- 
dence which  appeared  to  me  to  render  such  changes 
exceedingly  improbable.  This  evidence  was  mainly  a 
summaiy*  of  the  facts  and  arguments  addticed  by  the  emi- 
nent men  referred  to  above,  and  to  this  I  added  in  my 
iMrwinmrts  a  difficulty  foimded  on  mechanical  consider- 
ations which  seemed  to  me  to  furnish  a  preliminary  reason 
why  we  shouhl  not  acct'pt  the  doctrine  of  tli<*  intt^i'chango 
I  if  contiuuntal  and  oceanic  areas  without  very  clear  and 
cogent  reasons.  Since  then  some  (ither  arguments  of  this 
nature  have  occurred  to  me,  and  as  thi_*  theory  uf  perman- 
ence has  been  recently  attacke*ljby  Mr.  W.  T.  Blanfoitl  in 
his  presidential  address  to  the  Oeological  Society  in  18IJ0, 
and  by  Mr.  Jukes-Brow^ne  in  his  *'  Builrling  of  the  British 
Isles,''  it  may  be  as  well  to  consider  these  difficulties, 
which  suggest,  in  my  opinion,  a  very  pow^Tful  arguruent 
against  the  interchange  of  oceanic  and  continental  an?as, 
and  one  which  has  the  advantage  of  not  requiring  any 
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knowledge  of  the  higher  mathematics  in  order  to  estimate 
its  validity. 

And,  first,  it  is  necessary  to  clear  away  some  misconcep- 
tions as  to  the  proposition  I  really  uphold,  since  arguments 
have  boon  adduced  which  in  no  way  affect  that  proposi- 
tion. Thus,  Mr.  Jukes-Browne  quotes  Professor  Prestwich 
as  saying,  "  It  is  only  the  deeper  portions  of  the  great 
ocean  troughs  that  can  claim  the  high  antiquity  now 
advocated  for  them  by  many  eminent  American  and 
English  geologists."  But  this  is  all  that  is  claimed.  For 
practical  purposes  I  at  first  took  the  1,000-fathom  line  as, 
generally  and  roughly,  indicating  the  separation  between 
the  oceanic  and  the  continental  areas,  because  at  that 
time  it  did  accurately  divide  the  continental  from  the 
oceanic  islands,  as  defined  by  a  combination  of  geological 
and  biological  characters.  It  has,  however,  been  since 
shown  that  two  ancient  continental  islands — Madagascar 
and  New  Zealand — are  separated  from  their  respective 
continents  by  depths  of  more  than  1,000  fathoms.  We 
must,  therefore,  go  as  far  as  the  1,500-,  or,  perhaps,  in  a 
few  cases,  to  the  2,000-fathom  line,  and  this  will  surely 
mark  out  "  the  deeper  portions  of  the  great  ocean  basins," 
since  only  isolated  areas  exceed  3,000  fathoms. 

Now,  if  we  look  at  the  deep  ocean  basins  marked  out 
by  the  2,000-fathom  line,  not  on  Mercator's  projection 
which  greatly  exaggerates  the  extent  of  the  shallower 
portion  situated  in  the  temperate'and  polar  regions,  but  on 
an  equal-area  projection,  such  as  the  map  which  illustrates 
Sir  J.  Murray's  i)apjr,^  we  shall  see  that  by  far  the  larger 
part  of  all  the  great  oceans  are  included  by  this  line,  and 
that,  for  the  purpose  of  indicating  the  isolation  of  the  con- 
tinents from  each  other  throughout  the  equatorial  and 
most  of  the  temperate  zones,  there  is  very  little  to  choose 
between  the  1,000-fathom  or  the  2,000-fathom  boundar)'. 
The  latter,  however,  allows  more  scope  for  possible  land 
extensions  between  the  three  southern  continents  and  the 
Antarctic  lauds,  which,  during  mild  epochs,  and  by  means 
of  intervening   islands,  may,  perhaps,  have  served  as  a 

'  **  On  the  Height  of  tlie  Land  and  the  Depth  of  the  Ocean,*'  Scottish 
Oeofjraphicn/  Magazine,  1888. 
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op;  while  the  oeeMie  «i«s  bcyMJ  AotfiOO  hAam 
lixiie;  coostitating,  aeooidi^  to  Mr.  Mttnmj'fl  ikte^  71  fm 
cenL  of  the  whole  oceazi^  h&we  alxnosft  oertsiiilT  he«ii 
throughout  ail  kDown  Mological  tuu^L^ 

It  will  DOW  be  aeen  that  this  is  a  prohlciKi  which  tk«ls 
with  the  \erj  broadest  coptgaata  of  Iheeaiih's suffroe,  and 
that  its  fbni^meiitd  data  ane  on  m»  vast  a  acak  as  not  to 
be  material]  V  affected  bj  the  amaUer  detaik  of  phjstoal 
g»grapb J,  or  hy  differefioea  of  Ofanioii  as  I0  the  escact 
moiuiiiig  of  eertuB  tonus.  Wtothorafartieohrirfandis 
more  ccoiecy^  clawjcd:  as  oeeanio  or  oonlooDtat  whether 
a  oertain  pcotion  of  tho  oeeaa  diotild  bo  plaeed  within  the 
oceanic  or  the  oootiiioiital  ai^ea^  and  whether  eertaio  rooka 
were  forn»ed  in  ¥^017  deeper  in  ooin{iaiatively  shallow  walor, 
are  of  slight  impcnlaDce,  except  tn  ^o  far  as  they  may 
throw  light  00  the  resd  question,  which  is,  whether  the 
Tasi  expanses  of  oeeAn  beyood  the  1,000- fathom  line 
(as  shown  by  the  map  in  Chap.  XII.  of  my  Bmrvimism}, 
formiDg  ab<Hit  92  per  cent  of  the  whole  oceanic  area,  haTo 

er  been  occupi^,  or  extensively  bridged  over,  by  con- 

nental  land.     It  is  tovrards  the  solution  of  this  great 
problem  that  I  now  piopoee  to  submit  certain  general 

nsiderationB  which  appear  to  me  to  lie  at  the  ruot  of 

e  whole  matter, 

CQmp*jrm^ii  of  Oca&nit  and  C^^nlintniai  JfocSit. — Id  the 
pa^r  already  referred  to.  Sir  Joho  Murray  has  cartful ly 
oatunated  both  the  area  of  the  land  and  of  the  water  on 
ibe  earth's  surface,  and  their  bulk  as  deduced  from  the 
boat  available  data.  Taking  the  whole  area  of  the  gloW 
as  100,  he  finds  the  land  surface  to  be  28,  the  water  sur- 
hce  72,     But  the  mean  lieight  of  the  Ian*l  above  sea-level 

[  ^  Sir  J.  Mtirray  gives  hm  resulta  for  occ&nA  and  iiilttihl  ihnim  togrtlv^r. 
*  Qnr«peroenlage  refers  to  the  oceans  oa!jr  wt  ustuUly  undtrsUnMJ  i 
i  dmrence  is  not  grt«t^ 
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is  2,250  feet,  ^vhile  the  mean  depth  of  all  the  oceans  and 
seas  is  12,456  feet.  In  this  estimate,  however,  all  the  in- 
land seas  and  shallow  coast  waters  are  included,  and  as 
these,  at  least  as  far  as  the  100-fathom  line,  are  univer- 
sally admitted  to  be  within  the  "  continental  area,"  we 
omit  them  in  our  estimate  of  the  mean'  depth  of  the 
oceans  proper,  which  are  thus  brought  to  something  over 
15,000  feet,  or  nearly  seven  times  as  much  as  the  mean 
height  of  the  land. 

The  accompanying  diagram  (taken  from  my  book  on 
Dammnism)  will  better  enable  the  reader  to  appreciate 
these  proportions,  which  are  of  vital  importance  in  the 
problem  under  discussion.  The  lengths  of  the  two  parts 
of  the  diagram  are  in  proportion  to  the  areas  of  land  and 

Diagram  of  proportionate  mean  height  of  Land  arid  depth  of  Oceana, 
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ocean  respectively,  the  vertical  dimensions,  although  for 
distinctness  on  a  greatly  exagg(.Tated  scale,  showing  the 
comparative  mean  height  and  dej)th  with  sufficient  accuracy. 
It  follows  that  the  areas  of  the  two  shaded  portions  are 
proportional  to  the  bulk  of  the  continents  and  oceans 
respectively. 

The  mean  depths  of  the  several  oceans  and  the  mean 
heights  of  the  several  continents  do  not  differ  enough  from 
each  other  to  render  this  diagram  a  very  inaccurate  repre- 
sentation of  the  proportion  between  any  of  the  continents 
and  their  adjacent  oceans ;  and  it  will  therefore  serve, 
roughly,  to  keep  before  the  mind  what  must  -have  taken 
place  if  oceanic  and  continental  areas  had  ever  changed 
places.     It  will,  I  presume,  be  admitted  that,  on  any  large 
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8cale^  elevation  and  subsidence  must  nearly  balimce  each 
other,  and,  thus,  in  order  that  any  sirea  of  continental 
magnitude  should  ri^e  fnjtn  the  ocean  Hoor  till  it  Ibrtned 
fairly  elevate^l  dry  land,  some  coiTesfxmding  are*'v  nnmi 
sink  to  a  like  extent*  But  if  such  subsiding  area  forniocl 
a  part  or  the  whole  of  a  coutinent,  the  land  would  entirely 
disappear  beneath  the  waters  of  the  ocean  (-f^xcept  a  few 
niniint^iin  peaks)  long  before  the  corresponding  piirt  of 
the  ocean  floor  had  appmachud  the  surfixce.  In  order, 
therefore,  to  make  any  such  interchange  possible,  without 
the  total  disappearance  u\  the  greater  portion  of  the  sub- 
siding continent  before  the  new  one  hail  a]>iiearet]  to  take 
ita  place,  we  must  make  some  arbitrary  assumptions.  We 
must  suppose  either  that  when  one  portion  of  the  ocean 
Hoor  rose,  some  other  part  of  that  noor  sank  to  greater 
depths  till  the  new  continent  approached  the  suviacOj  or, 
that  the  sinking  of  a  whole  continent  was  balanced  by  the 
rising  of  a  comparatively  sniall  area  oi'  the  ocean  Hoor. 
Of  course,  either  of  these  assutnc*d  changes  are  conceivable 
and,  perhafjs,  possible ;  but  it  seems  U)  me  that  they  are 
exceedingly  ixnpixibable,  and  that  to  assume  that  they  have 
occurred  agaui  and  again,  tis  ])art  of  the  regular  course 
of  the  earth's  history,  leads  us  into  enormous  diHiculties, 
Consider,  for  a  moment,  what  woultl  be  implied  by  the 
building  up  of  a  continent  the  sisie  of  Af'ricii  from  the 
mean  depth  of  the  ocean.  By  comparing  the  area  of 
Africa  with  that  of  the  whole  of  the  laud,  and  the  depth 
of  the  ocean  with  the  mean  height  of  the  land,  w^e  shall 
dnd  that  if  all  the  land  of  the  globe  al>ove  sea-level  could 
be  trausfeiTed  to  mid-ocean,  it  would  not  be  sufficient  to 
form  the  new  continent,  but  would  still  leave  it  nearly 
2,000  feet  beneath  the  surfiiee. 

It  thus  appears  that,  if  the  elevation  of  the  ocean  floor, 
and  the  corresponding  sinking  of  whole  continents,  con- 
stitute a  portion  of  the  regular  change  and  development 
of  the  earth's  surface,  there  would  be  not  only  a  chance 
but  a  very  great  probability  of  entire  continents  disappear- 
ing beneath  the  waters  befoi^^  even  the  smallest  new 
continent  had  risen  to  take  their  place.  Even  the  total 
disappc^amnce  of  all  the  large  land  masses  ^i^^*^  easily 
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happen  ;  for  we  see  from  the  diagram  that  they  might  one 
after  the  other  disappear  with  a  correspuntUng  rise  of  the 
adjacent  portion  of  the  ocean  hed  and  still  leave  the 
ocean  over  the  whole  earth  almost  iw  deep  as  it  is  now, 
Bnt,  as  will  ho  shown  further  on,  the  geological  reconi, 
imperfect  as  it  is,  teaches  ua  that  no  such  general  sub- 
mergences  have  ever  taken  place. 

Ot/fitoiir  of  the  Ocean  Floor  as  indicating  FermancTWt, — 
Before  extensive  soundings  i^vealed  the  depth  of  the 
ocean  and  the  form  of  its  floor,  it  was  supjKJscd  that  it 
would  exhibit  irregidarities  corresponding  to  those  of  the 
land,  BUch  as  nioun tain-ranges,  gi*eat  valleys,  cseaqiments, 
ravines,  etc.  But  we  now  know  that  the  main  char- 
actcriijtic  of  the  oeean  floor  is,  that  it  is  a  vast  slightly 
undulating  plain,  the  slopes  rarely  exceeding  a  hundred 
feet  in  a  mile  except  near  the  margins  of  the  continental 
areas,  while  usually  the  gi'adients  are  so  slight  that  they 
would  be  haitUy  perceptible  tti  the  eye.  Contrast  this 
with  the  forms  of  al!  mountain  ranges  whose  general  rise 
for  long  distances  is  often  several  hundred  feet  in  a  nnle, 
while  slopes  at  angles  of  from  20**  to  60"  are  by  no  means 
uncommon. 

Now  if  we  suppose  that  considerable  portions  of  the 
ocean  depths  have  been  formed  by  the  subsidence  of  con- 
tinents, we  should  certainly  expect  to  find  some  indication 
of  those  surface  features  which  characterise  all  the  con- 
tinents, but  which  appear  to  be  absent  from  all  the  deep 
oceans.  In  order  to  account  for  the  actual  contours  of 
the  ocean  on  this  theory,  we  must  suppose  that,  during 
subsidence,  all  the  mountain  ranges,  peaks,  valleys,  and 
precipices  were  reduced  to  an  almost  unifomi  level  surface 
by  marine  denudation,  which,  unless  the  process  of  subsi- 
dence were  incredibly  slow,  seems  most  improbable,  Mr. 
Jukes-Browne,  however,  does  not  hold  the  view  that  they 
have  been  thus  denuded,  for  he  approvingly  quotes  Mr. 
Crosby  ixB  saying  that — "  the  oceixnic  islands  are,  of  course, 
merely  the  tops  of  submerged  mountains,  and  it  is  only 
with  the  highest  points  of  continents  that  they  can 
projierly  be  eomptared*"  If  this  is  correct,  then  we  ought 
to  Hnd  in  the  vicinity  of  such  islands  all  the  chief  features 
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of  submerged  mountaiE  ranges — precipices,  deep  valleys 
aod  ravines,  arranged  in  diverging  groups  as  they  always 
occur  in  nature.  But  in  no  single  case,  that  I  am  aware 
of  J  have  any  such  featiiros  been  discovered. 

But  a  still  greater  difficulty  remains  to  be  consideit^iL 

If  oceanic  and  continental  areas  are  interchangeable,  it 

can  only  be  because  the  very  same  causes  (whatever  they 

uiay  be)  that  produce  elevations  and  subsidences^  in  the 

one  produce  thera  also  in  the  other,  and  at  first  mghfc  it 

appears  probable  that  this  would  be  the   case.     But   if 

these   causes  have  been  at    work  upon    the   ocean  floor 

throughout  all  geological  epc)chs,  they  would    have  pro* 

uced  irregularities  of  surface  not  less  but  far  greater  tnan 

to  subrierial  land.     This  must  be  so,  because    subaerial 

lenudation  continually  neutralises  much  of  the  effect  of 

upheaval   in   the   continental   areas,  while  m   the   ocean 

I      depths   no   such   cause   or  anything  analogous   to   it  is 

^in  operation, 

^K  The  forces  which  have  been   at  work  in  every  moun- 

^^lirious  region  have  sometimes  tilted  up  gi'eat  masses  of 

njck  at  high  angles,  upheaved  them  into  huge  anticlinal 

curve-^,  or  crushed  them  by  lateral  pressure  into  repeated 

folds,  which  in  some  cases  appear  to  have  fallen  over  so 

as  to  reverse  the  succession  of  the  strata.     But,  no  twit  h- 

nding  these  various  forms  of  upheaval,  involviiig  vertical 

splacements  which  are  aometimes  sevemi  miles  ni  extent, 

e  surface  of  the  land  usually  shows  no  corresponding 

egularities,  owing  to  the  fact  that  subaerial  denutiation 

either  kept  pace  with  upheaval  or  has  even  exccerled 

.,  so  tliat  the  position  of  au  anticlinal  ridge  may  be,  and 

often  is,  represented  by  a  valley*     Now,  if  we  suppose  that 

similar  upheaving  forces  have  been  at  work  on  that  jwrtion 

of  the  earth  s  surface  forming  the  bed  of  the  ocean  where 

there  are  no  such  counteracting  agencies,  we  should  expect 

to  find  irregularities  in  the  ocean  Hoor  far  greater  than 

those  which  occur  upon  the  land  surface. 

Still  more  difficult  to  explain  would  be  the  absence  of 

ipitous  escarpments  due  to  faults,  which »  though  ire- 

ently  showing  an  upthrow  or  downthrow  of  the  strata 

to  the  amount  of  many  hundreds  and  sometimes  many 
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thousands  of  feet,  rarely  exhibit  any  difference  of  level  on 
the  land  surface,  owing  to  tho  fact  that  subaeiial  denuda- 
tion has  kept  pace  with  slow  and  intomiittent  elevation. 
But  in  the  ocean  depths  no  such  denudation  is  going  on ; 
and  we  can  therefore  only  account  tor  its  very  nniforra 
suiface  on  the  supposition  that  it  is  not  subject  to  the 
valued  and  complex  subtermnean  movements  which  have 
certainly  acted  within  the  continental  areas  throughout 
all  known  geologicid  ttme.^ 

Sindlar  Range  of  fke  Gedo^/icul  Rtcord  in  all  the  dm.- 
iimnts,^Th<iYii  is  one  other  general  considemtion  which 
indicates  the  permanence  and  continuity  of  the  Continental 
Areas,  and  which  renders  it  very  difficult,  if  not  imposi^ible, 
to  suppose  that  they  have  ever  changed  places  with  the 
great  oceans.  It  is,  that  on  all  the  present  continents  we 
find  either  the  same  or  a  clusely  parallel  series  of  geologiod 
formations,  from  the  most  ancient  to  the  most  recent 
Not  only  do  wc  find  Paheoziiic,  Me^ozoic,  and  Cainozoic 
rocks  everywhere  present,  but,  in  proportion  as  the  con- 
tinent-s  are  explored  geologically,  we  find  a  tolerably 
complete  series  of  the  chief  formations.  From  Laurentian 
to  Carboniferous  and  Permian,  from  Trias  to  Cretaceous, 
and  from  Eocene  to  Quaternary,  the  geological  series 
appears  to  be  fairly  represented,  not  in  continents  only  but 
also  to  a  considenible  extent  in  the  large  continental 
islands  such  Jis  Great  Britain  and  New  Zealand. 

Now  this  is  certainly  not  what  we  should  expect  if  the 
present  continental  areas  had,  at  different  ep<jehs,  risen 
out  of  the  deep  occJins.  In  that  case  some  would  have 
commenced  their  geological  history  at  a  later  y>eriod  than 
othei's,  having  either  a  late  Palaeozoic  or  some  Mesozoic 
formation,  or  even  an  early  Tertiary  for  their  very  lowest 
stratified  rock.  Others,  which  had  become  oceanic  for  the 
fij'st  time  at  a  later  epoch,  would  exhibit  an  enormous  gap 
in  the  series,  either  several  of  the  Mesozoic  formations,  tor 
example,  being  absent,  or  some   considerable  portion  of 

^  The  Rev.  O.  Fwher  lias  amved  at  the  same  conclusion  from  his 
own  reeet^rchea.  He  says;  **The  compression  whidi  haf*  c^nifled  the 
thifikoning  accoiii[ULiiiEMl  by  currugutioti,  bucI)  na  L'haruiGt^^rieefi  inoiit 
elcvatixl  Iracta,  is  properly  u  t!t)atiucntn.l  pheiiomenouj  and  has  uo 
lotulague  b«n^ih  tbe  quinvuh."     L.c.  ,  p.  253. 
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^h  Palspossoic  atid  Mesoxoic,  or  Mesozoic  and  Tertiary, 

IS  would  necessjirilj  be  the  case,  because  we  cannot 
lieve  tbiit  so  viist  a  change  as  the  subsidence  of  an  entire 
ntinent  till  its  site  bccainc  a  deep  c^cean,  and  its  atibse- 
qticnt  elevation  till  it  again  became  dry  land,  could 
possibly  be  effected  in  any  \em  ext<3nded  periods,  if  at  all 
Whenever  such  gaps,  or  smaller  ones,  now  occur  loe^tlly. 
they  are  generally  held  to  imply  the  existence  of  terrestrial 
conditions,  as  in  the  case  of  China,  which,  according  to 
^ichtboven,  has  been  continental  since  the  Carboniferona 
h.  In  many  cases  there  is  distinct  evidence  of  such 
conditions  in  lacustrine  or  freshwater  deposits,  dirt-bods, 
But  if  a  gap  of  such  vaat  extent,  both  in  space  and 
ime,  as  that  here  referred  to  were  caused  by  the  inter- 
langt^  of  a  continent  and  a  deep  ocean,  the  fact  that  it 
s  so  pnxluced  would  be  clearly  evidenced  by  an  almost 
mifomi  depasit  either  of  organic  or  clayey  ooze,  similar 
those  now  everywhere  fornung  over  the  oceanic  area, 
ven  if  we  make  the  fullest  allowance  for  denudation 
luring  elevation,  sufficient  indications  of  so  widesprea^^l  a 
Tmation  should  be  detected*  Such  a  deposit  would,  in 
have  every  chance  of  being  largely  preserved,  because, 
before  it  rose  to  the  level  where  it  would  be  subject 
enudation  by  waves  or  currents,  it  would,  almost  everj^- 
'here,  be  overlain  by  a  series  of  shore  deposits,  and  where- 
these  latter  were  presei-ved  on  the  land  surface  the 
ic  formation  would  necessarily  be  found  under  them. 
no  such  enormous  deficiency  in  the  geological  series 
aracteriscs  any  of  the  continents,  and  that  no  widespread 
|josit  of  organic  or  clayey  ooze  at  some  definite  horizon 
has  been  anywhere  detected,  though  such  a  deposit  must 
have  been  fonned  and  largely  preserved  if  the  whole  or 
any  considerable  part  of  a  continent  had  risen  from  ocean 
depths  at  any  penod  of  its  history,  constitute  of  themselves 
very  stn>ng  arguments  against  any  such  interchange  of 
nic  and  continental  areas  having  Liccurred, 

Summari/  of  the  Arg^imciiL 

I  have  now  shown  that  there  are  three  distinct  groups 
of  phenomena  which   are   either  altogether  inconsistent 
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with  any  general  interchange  of  oceanic  and  continental 

areas,  or  which  render  it  exceedingly  difficult  to  nnder- 
Htand  how  snch  interchange  could  have  been  brought 
about  These  phenomena  arc : — (1)  The  enormous  dis- 
proportion between  the  mean  height  of  the  land  and  the 
inean  depth  of  the  ocean,  whicn  would  render  it  verj^ 
difficult  Ibr  new  land  to  reach  the  surface  till  long 
after  the  total  submergence  of  the  sinking  continent. 
(2)  The  wonderful  uniformity  of  level  over  by  far  the 
greater  part  of  the  ocean  floor,  which  indicates  that  it  is 
not  subject  to  the  same  disturbing  agencies  which  through- 
out  all  geological  time  have  been  creating  irregularities 
in  the  land -surface,  irregularities  which  would  be  far 
greater  than  they  are  were  they  not  continually  counter- 
acted by  the  lowering  and  equalising  efifeet«i  of  subaerial 
denudation.     (3)  The    remarkable   parallelism   and  com- 

Eleteuess  of  the  series  of  geological  formations  in  all  the 
est  known  continents  and  larger  continental  inlands, 
indicating  that  none  of  them  have  first  ri^en  from  the 
ocean  Hofir  dining  any  portion  of  known  geological  history, 
a  concluBion  enforced  by  the  absence  from  any  of  them  of 
that  general  deposit  of  oceanic  ooze  at  some  definite 
horizon,  which  would  be  at  once  the  result  and  the  proof 
of  any  such  tremendous  episode  in  their  past  history* 

I  submit  that  these  facts,  and  the  conclusions  to  be 
logically  deduced  from  them,  form  a  very  powerful,  if  not 
a  conclusive  argument  as  against  those  who  maintain  the 
interchange  of  continents  and  oceans  as  a  means  of  explain- 
ing certain  isolated  geological  or  biological  phenomena ; 
such,  for  instance,  as  the  much-disputed  origin  of  the 
chalk,  or  the  supposed  necessity  for  land -communication 
to  explain  the  distribution  of  certain  groups  of  mammals 
or  birds,  reptiles  or  fishes  in  remote  geological  times. 
Before  postulating  such  vast  revolutions  of  the  terrestrial 
surface  in  order  to  cut  the  gordian  knot  of  difficulties 
which  may  be  mainly  due  to  imperfect  knowledge,  it  will 
be  necG&^ry  to  show  that  the  coasiderations  here  adduced, 
as  well  as  the  great  body  of  facts  which  have  caused  many 
eminent  geologists,  naturalists,  and  physicists  to  hold  the 
doctrine  of  oceanic  permanence^  are   either  illogical   or 
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founded  on  iDGorrect  data.  For,  surely,  no  one  will  Bug- 
gi^t  that  so  vast  a  problem  of  terrostrial  physics  can  be 
bekl  ki  bo  solved  till  we  have  exhauf^ted  all  the  evidence 
at  our  command,  and  have  shown  that  it  largely  prepon- 
derates on  one  side  or  the  other. 

The  present  article  is  intended  to  supply  a  hitherto 
unnoticed  class  of  arguments  for  oceanic  permanence,  and 
these  must  of  course  be  taken  in  connection  with  the 
other  evidence  which  has  been  summarised  in  the  sixth 
chapter  of  the  writers  Island  Life^  and  also  with  the 
adminible  "  Suumiary  "  of  the  purely  physical  argument 
in  the  second  editioa  of  Mr.  O.  Fishers  Phy&ins  of  th^ 
Earth* s  Cmd,  It  m  certainly  a  rcDTarkable  fact  that 
writers  approaching  the  subject  from  my  many  distinct 
points  of  view— as  have  Professor  Dana,  Mn  Darwin,  Sir 
Archibald  Geikie,  Dr.  John  Murray,  Rev.  O.  Fisher,  and 
myself — should  yet  arrive  at  what  is  substantially  an 
identical  conclusion  ;  and  this  must  certainly  be  held  to 
^fford  a  strong  presumption  that  that  conclusion  is  a 
Drrect  one. 


CHAPTER  III 

OUR  MOLTEN  GLOBE 

Few  scientific  inquiries  excite  greater  interest  than  those 
recent  researches  which  have  so  greatly  extended  our 
knowledge  of  the  stars  and  nebulae,  whether  by  deter- 
mining the  direction  and  velocity  of  their  motions,  or 
ascertaining  their  physical  constitution  and  probable  tem- 
perature. In  comparison  with  this  considerable  amount 
of  knowledge  of  such  distant  bodies,  it  seems  strange  that 
so  little  comparatively  is  known  of  the  structure  and  in- 
ternal constitution  of  the  globe  on  which  we  live,  and  that 
much  diflference  of  opinion  should  still  exist  on  the  funda- 
mental question  whether  its  interior  is  liquid  or  solid, 
whether  it  is  intensely  hot  or  comparativelj^  cool.  Yet  the 
definite  solution  of  this  problem  is  a  matter  of  the  greatest 
theoretical  interest,  since  it  would  not  only  elucidate  many 
geological  phenomena,  but  might  possibly  serve  as  a  guide 
in  our  interpretation  of  appearances  presented  by  the 
other  planets  and  even  by  more  remote  bodies ;  while  it 
is  not  unlikely  that  it  may  soon  become  a  practical  ques- 
tion of  the  highest  importance,  inasmuch  as  it  may  lead 
us  to  the  acquisition  of  a  new  source  of  heat,  in  many 
ways  superior  to  that  produced  by  the  combustion  of  fuel, 
and  practically  inexhaustible. 

It  is  only  during  the  present  century  that  facts  have 
been  accumulating  in  various  directions,  bearing  more  or 
less  directly  on  the  question  of  the  earth's  internal  condi- 
tion. These  have  been  partially  dealt  with,  both  by 
geologists  and  by  physicists ;  but  the  problem  is  such  a 
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complex  ono,  and  the  evidence  of  so  varied  a  nature  an^I 
iiftcn  so  difficult  to  inter|iret,  that  the  conchjsion!^  reached 
have  been  tisually  riouhtfiil  and  often  conflicting.  This 
seems  to  have  been  due,  in  part,  to  the  fact  tliat  no  pro- 
perly qualified  person  had,  till  quite  recently,  devoted 
himself  to  a  thorough  study  of  the  whole  subject,  taking 
full  account  of  all  the  materials  available  for  arriving  at  a 
definite  conclusioii,  as  well  as  of  the  various  groups  nf  phe- 
nomena which  such  a  conclusion  nm^t  harmonize  and 
explain.  But  for  many  years  past  a  good  practical  geo- 
legist,  who  is  also  an  advanced  mathematician — -the  Rev. 
CMmond  Fisher — has  made  this  subject  his  speciality,  and 
in  a  most  interesting  volume,  of  which  a  second  and  care- 
fijily  revised  edition,  with  an  appendix,  has  been  recently 
published,  he  has  brought  together  all  the  fiicts  bearing  on 
I  the  problem,  and  has  arrived  at  certain  definite  conclii- 
^  Etions  of  the  greatest  interest.  The  object  of  this 
I  chapter  is  to  give  a  popular  account  of  so  much  of  his  work 
^  as  bears  upon  the  question  of  the  thickness  and  di?nsity  of 
^^he  earth's  crust  and  the  constitution  of  the  interior.' 

fav 
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We  will  first  consider  the  nature  of  the  evidence  in 
favour  of  the  view  that,  below  a  superficial  crust,  there  is 
a  molten  or  highly  heated  substratum.  The  existence  of 
volcanoes,  gc-ysers,  and  hot  springs  irregularly  scattered 
over  the  whole  surface  of  the  globe,  and  continually  eject* 
ing  molten  rock,  ashes,  mud,  steam  or  hot  water,  is  an 
obvious  indication  of  some  very  widespread  source  of  he^t 
within  the  earth,  but  of  the  nature  or  origin  of  that  heat 
they  give  little  positive  infonnation.  The  heat  thus  indi- 
G&ted  has  been  supposed  trO  be  due  to  many  causes,  such 
as  the  pressure  and  friction  caused  by  contraction  of  the 
cooling  cnist,  chemical  action  at  great  depths  beneath  the 
surface,  isolated  lakes  of  molten  rock  due  to  these  or  to 
unknown  causes,  or  to  a  molten  interior,  or  at  least  a 

*  Phym^M  of  the  EartfC^  CruHt  by  the  Rev.  Oamotid  Fisher,  M.A*, 
P0,8,  Second  eilition,  altered  and  enlarged,  Macmillan  und  Co., 
1880.     WitU  an  Appendix,  189U 
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general  substratum  of  molten  matter  between  the  crust 
and  a  |K>ssibly  Bolid  interior.  The  first  two  causes  are  now 
geiK'nitly  a<liiiittLHl  to  be  inadei]iiate,  and  our  choice  is 
practically  limited  to  one  of  the  latter 

There  are  also  very  iniport^int  evidences  of  internal  heat 
derived  from  the  universal  phenomenon  of  a  fairly  uniform 
incroafio  of  tempemture  in  all  deep  wells,  mines,  borings, 
or  tunnels.  This  increase  has  been  usually  reckoned  as 
1"  F.  far  each  00  feet  of  descent,  but  a  rectuit  very  careful 
estimate,  by  Professor  Prestwieh,  derive*!  from  the  whole 
of  the  available  data,  gives  1"  F*  for  every  47  "5  feet  of 
descent.  It  is  a  curious  indication  of  the  universality  of 
this  increase  that,  even  in  the  coldest  parts  of  Siberia, 
where  the  soil  is  frozen  to  a  depth  of  620  feet,  there  is  a 
steady  increase  in  the  tempemture  of  this  frozen  soil  from 
the  surface  doi\Ti wards.  Much  has  been  niatle  bj  some 
writers  of  the  local  differences  of  the  rate  of  increase,  vary- 
ing from  1*  in  28  feet  to  1°  in  d5;  and  also  of  the  fact 
that  in  si:)me  places  the  rate  of  increase  diminishes  as  the 
depth  becomes  greater.  But  when  we  consider  that 
springs  often  bring  up  heated  water  to  the  surface  in 
countries  far  removed  from  any  seat  of  volcanic  action,  and 
the  extent  to  which  water  permeates  the  rocks  at  all  depths 
reached  by  man,  such  divergences  ar<*  exactly  what  wo 
might  expect.  Now  this  average  rate  of  increase,  if  con- 
tinued downwards,  would  imply  a  temperature  capable  of 
melting  rock  at  about  twenty  mites  deep,  or  less,  and  we 
shall  see  presently  that  there  are  other  considerations 
which  lead  to  the  conclusion  that  this  is  not  far  from  the 
avemge  thickness  of  the  sohd  cnist. 

Before  going  further  it  \iill  be  well  to  consider  certain 
objections  to  this  conclusion,  which  for  a  long  time  were 
considered  insuperable,  but  which  have  now  been  shown 
to  be  either  altogether  erroneous  or  quite  inconclusive.  In 
Sir  Charles  LycU's  Prnin/)7fS  af  Geohgy,  Mr.  Bopkins  m 
quoted  as  having  shown  that  the  phenomenon  of  the  pre- 
cession of  the  equinoxes,  due  to  the  attraction  of  the  sun 
and  moon  on  the  equatorial  protubemnce,  requires  the 

'  In  a  recent  deep  boring  at  Wliet'ling,  Virginia,  the  rate  of  iiicre«»»  ] 
wiw  fduocl  t<j  be  g^rttUtr  a»  the  depth  itioreftaea. 
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^  interior  of  the  earth  to  be  solid,  or  at  least  to  have  a  cnist 
ii<>t  much  \em  than  oue  thousand  mites  thick.    This  view 
raw  sup|Kirted  by  Sir  William  Thoms<>nand  other  eminent 
mathematicians,  and  so  great  was  the  faith  of  geoiogiHt^  in 
^cnlationa  that  for  nearly  forty  yearn  the  theory  (vf 
ie  earths  internal    liquidity  wan   almo.^t  wholly  aban- 
Joned.     But  this  argiinu^nt  has  now  been  shown  to  be 
aeous  by  the  matG  complete  investigations  of  Pro- 
George  Darwin*  while  Sir  William  Thorasoo  (now 
Kelvin)  has  recently  shown  experimentally  that  a 
otating  liquid  qjheroid  behaves  under  stresses  as  if  it 
were  a  i^oHfl.      Another  difficulty  arises  from   the  phe- 
noniena  of  the   tides*     It  has  been  argued  that,  if  the 
interior  of  the  earth  is  liquid  tides  will  be  formed  in  it 
which  will  deform  the  crust  itself,  and  thus,  by  lifting  the 
water  up  with  the  land,  do  a  way  with  any  sensible  tides 
the  ocean.     But  Mr.  Fisher  has  pointed  out  that  this 
rinclusion  rests  on  the  assumption  that  the  liquid  interior, 
if  it  existSj  is  not  an  expaasible  fluid ;  and  he  shows  that 
if  this  assumption  is  incorrect  it  is  quite  possible  that  little 
or  no  deformation  would  be  caused  in  the  crust  by  tide-s 
produced  in  the  liquid  interior ;  and  he  further  maintains, 
we  shall  see  presently,  that  all  the  evidence  goes  to 
prove  that  it  is  expansible.     Moreover,  in  a  late  paper,  ho 
claims  to  have  proved  that  even  the  deformation  of  the 
1st  itself  would  not  obliterate  the  ocean  tides,  but  would 
iminish  them  only  to  the  extent  of  about  one-fifth.^ 
There  remain  the  geological  objections  founded  on  the 
L^haviour  of  volcanoes,  which  is  supposed  to  be  incon- 
istent  with  a  liquid  interior  as  their  etfective  cause.     We 
have,  for  instance,  the  phenomenon  of  a  lofty  volcano  like 
Etna  pouring  out  lava  from  near  its  summit,  while  the 
much  lower  volcanoes  of  Vesuvius  and  Stroniboli  show  no 
>rresponding  increase  of  activity  ;    and    the  still  more 
fcxtraordinaiy  case  of  Kilauea,  on  the  lower  slopes  of  Mauna 
I/ja,  in  the  Sandwich  Islands,  at  a  height  of  about  J^,800 
feet,  whose  lake  of  perennial  liquid  lava  suffers  no  altera- 
tion of  level  or  any  increased  activity  when  the  parent 
Cn  is  pouring  forth  lava  from  a  height  of  14,000 
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feet.  Again,  it  is  argued  that  if  the  igneoiLs  prodiicte  of 
volcanoes  arc  do  rived  from  one  cent  ml  iTservoir  there 
ought  to  be  a  great  similarity  between  them,  e^^peciall)' 
between  those  of  the  same  diJ^trict.  But  this  is  not  the 
case,  an  example  being  the  Miocene  lavas  of  Hungary  and 
Bohemia,  w^hich  are  of  a  totally  different  character,  chemi- 
cal ly,  from  each  other.  But  although  the  molten  ii]t.erior 
of  the  globe  may  be  the  common  source  of  the  heat  which 
causes  volcanic  eruptions,  it  by  no  means  foUow^s  that  the 
whole,  or  any  large  portion,  of  the  matters  ejected  from 
volcanoes  are  derived  from  it ;  and  it  is  a  remarkable  indi- 
cation of  the  probable  truth  of  Mr.  Fisher  s  theory,  that, 
as  will  be  shown  further  on,  it  entirely  removes  the  two 
geological  difficulties  here  noticed  At  the  same  time  it 
explattis  other  geological  phenomena  of  a  striking  character 
which  the  theory  of  solidity  altogether  fails  to  account  for, 
as  will  be  now  briefly  indicated* 

The  ArgumeTii  from  Suhsidcncc  under  SeposiHon  of 
Sediment 

It  has  long  been  known  to  geologists  that  the  series  of 
sedimentary  rocks,  ancient  as  well  as  modern,  affortl  re- 
peated examples  of  great  piles  of  strata  hundreds,  or  even 
thousands  of  feet  thick,  which  throughntit  present  indica- 
tions fvf  having  been  formed  in  shallow  watror,  and  which 
therefore  imply  that  as  fast  as  one  bed  was  deposited  it 
sank  down,  and  was  ready  to  receive  another  bed  on  the 
top  of  it.  As  an  example  we  may  refer  to  the  Palaeozoic 
rocks  of  the  Alleghany  Mountains,  which  are  not  less  than 
42,000  feet  thick;  yet  the  lowest  of  these  strata, the  Pots- 
dam sandstone*  was  not  deposited  in  a  deep  sea,  but  evi- 
dently in  shallow  water  near  shore,  several  of  the  beds 
exhibiting  distinct  rij^ple  markinep?,  and  the  same  is  the 
case  with  the  h]^hest  strata  found  there— the  carboniferous 
On  this  point  Sir  Aixrhibald  Qeikie  remarks : — 

'*  Among  the  thickei^t  mni^es  of  uediniontary  rockN — those  of  the 
HncientPaUwo^tiiu  yyHtoiiia — no  featm'ca  recur  moro  coivtinuiilly  thaa 
the  alternation  uf  diflerent  aediinentii,  atid  the  recurrenou  of  nurfnoes 
covered  with  well-preiierved  ripple-tniirks,  ivMls  and  burro wa  of 
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id^j  polygonal  &iid  irregiular  desiccatton  markB  like  tha  cfacks 

^    bfjttont  of  ft  sim-dried   muddy   ikkiL     Tht;^'   phenomena 

uiv<>call7  point  ki  abaBow  and   oveu   littoral    wat^rw.      They 

fr«>iii  botttmi  to  top  of  fommtiona  which  reifcch  a  thick nt*!***  of 

d  thousand  feet*     They  can  be  interpreted  only  in  one  way, 

ely,  that  the  formntiotis  in  qu«;«Htion  beg^in  to  Xm  laid  down  in 

low  water  ;  th/it  during  their  f*jnniiti<ju  the  urea  t>f  deposit 

itiidly  aid^ided   for   thoiu$nnd»   of   feet,    jeL  tlmt   thi^   rate  of 

mul&tioii  of  Bed  i  I  lien  t  kept  pi\Qe  on  the  whole  with  this  diiproH- 

;  wad  hence  that   tiie  original  shallow -water  chnniet-er  of  the 

laitB  remained  aftar  the  i>ri|^inrd   Hua- bottom  liad  hoeu  buried 

er  A  vsk^t  fxitiHH  of  f^diiiit^ntnry  matter/^ 

Comiug  iit»w  tu  the  other  end  of  the  geolugical  record, 

we  find  in  the*  dettfis  of  existijig  rivers  an  exactly  mniiliir 

phenomenoa.     At  Veniee  a  boring  of  400   feet  deep  wtis 

entirely  m  modern  fluviatilc  niudT  the  bultom  of  which 

ras  not  reached ;  and  at  four  sei«irate  depths,  one  of  them 

the  bottom,  beds  of  turf  or  of  vegetable  matter  were 

through,  ehowing,  as  Sir  Chitrletj  Lyell  observeja, 

**  that  a  considenvble  area  of  what  ^vns  once  land  has  sunk 

(down  400  feet  in  the  course  of  ages/'  ^    AtZagamg,  un  the 
feiatern  bonier  of  the  Nile  delta,  boringi*  have  been  made 
ibr  the  Royal  Society,  and  have  not  found  rock  at  a  depth 
of  345  feet     In  the  delta  of  the  Missiy,sippi  a  well  at  New 
Orleans,  630  feet  deep,  passed  entirely  through  s<inf!s  and 
I     clays,  with  fresh -water  shell^i  of  livhig  sjiecies.     Again,  in 
■ihe  delUiof  the  Ganges,  at  Calcutta,  a  boring  481  feet  tleep 
^Bras  entirely  through  beds  of  Band,  peat,  gravel,  and  other 
altctvial  or  fresh- water  deposits.     This  remarkable  concur* 
rence  of  testimony  from  so  many  parts  of  the  world  and 
from  different  geological  peiiods,  indicates  a  general   law 
of  subsidence  so  unitbnnly  coinciding  with  depositi(.)n,and 
so  regularly  keeping  pico  with  it,  that  we  c^in  hardly  avoid 
the  conclusion  that  the  two  phenomena  ai*e  connected ; 
and  the  most  reasonable  explanation  seems  to  be  that  the 
deposit  of  matter  in  a  shallow  sea  directly  causes  the  de- 
^D>re^i^ion  of  that  bottom  by  its  weight.     Such  depression  ia 
Hnitite  intelligible  on  the  theory  of  a  thin  crust  resting  or 
ft* lilting  on  a  liquid  substratum,  but  is  quite  unintelligible 
m  the  supiKJsition  of  a  solid  globei  or  of  a  crust  several 

t  Priticiple^i  &/  Oeoio*ji/t  11  th  ed»,  voi  Ut  F^  ^^^ 
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hundred  miles  thick.  It  is  only  reasonable  to  suppose 
that  depression  thus  caused  must  be  accomjiauied  by  a 
correspouditig  elevation  of  some  other  area,  and  as  there 
must  always  be  an  iidjaccnt  areA  from  which  an  equivalent 
weight  of  rock  has  been  removed  by  denudation,  we  should 
expect  the  elevation  to  occur  there ;  and  many  geologists 
Wliove  that  there  is  direct  evidence  of  elevation  wherever 
areas  are  being  rapidly  denuded. 

In  a  very  interesting  letter  to  Nature  (Dec.  5th,  1889) 
Mr.  J.  Starkie  Gardner  states  that  he  has  actually  observed 
the  results  of  denudation  to  be  of  this  character.  He 
saya  :^ 

**TUe  hnmMiate  effect  of  cutting  down  cliflU,  Bwy  of  100  feet  in 
hi^ight,  iiml  I'ymuving  them  by  wave-action^  in  ki  rtsliev*?  the  preswure 
at  their  bfVBc  ;  and  1  claim  that,  wherever  I  have  exctivattjd  fcir  th« 
IHQ I><ise  of  coUectiug  under  Huch  eonditions,  T  Iiave  fuuml  a  decidt.'d 
hIqjmj  imviirdi*  iiway  from  the  Bca,  if  the  Btnit4t  were  at  nil  horizontal^ 
no  matU^r  what  direction  their  general  ^lope  iniglit  be  at  a 
distanci)  from  the  Bea  mai'giu*  But  oii  the  beach,  a  little  wny 
from  the  b-kse  of  the  clifl^,  the  elojie  i^,  oil  the  crmtniry,  tuwnrds 
the  sea*  ,  ,  .  This  appears  U*  nie  to  be  tiimply  l>«cau!*ti  the  relief 
fviiui  pruHHUre  has  made  tlie  beach-line  the  crown  of  a  slight  ai^hi 
and  an  arch  that  continue^i  to  grow  and  travcL^^ 

Hence  he  concludes  that — 

'*  Whether  we  look  at  the  |>ast  or  the  present,  we  aeem  to  aes 
evidence  of  a  ortiBt  renting  in  eqoilibnum  on  a  liquid  layer,  and 
seuHitivL*  to  even  apj.wtrently  iiiKignitieaiit  read  junt men t«  of  Itn 
weight/' 

The  physical  and  geological  phenomena  of  which  an  out- 
line sketch  has  new  been  given,  all  puint  unmLstakably  to 
a  thiu  crust  of  vaiiou^s  rocks  resting  on  a  molten  sub- 
stmtuni ;  but  there  are  certain  difficulties  and  objections 
which  reqnire  a  fuller  discusiaion.  In  onler  to  remove  ■ 
I  h  ese  <  1  i  ffic  u  I  ties  and  answe  r  the  se  obj  oe  tions,  w  e  m  ust ,  ■ 
with  the  aid  of  Mr.  Fisher's  work,  go  more  deeply  into  the 
fpiestion,  and  we  shall  then  find  that,  by  means  of  some  of 
the  most  refined  inquiries  ofmixlern  physicists,  we  are  able 
to  obtain  so  nnich  additional  infoniiation  413  to  the  pecu- 
liarities of  the  crust  and  of  the  substratum,  that  most,  if 
not  all,  of  the  alleged  difficulties  will  be  found  to  disappear. 
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Arguincnt  frmn  Variaiwn  of  tlie  Force  of  Gmmiy. 

is  well  known  that  mountains  attract  the  plumlj-liiie, 

and  thus  rendt^r  latitudes  determined  by  its  means,  or  by 

a  spirit  or   mercurial  level,  inaccurate  in  their  vicinity. 

During  the  trigoiiametrical  survey  of  India  the  amount  of 

this  error  wtis  carefully  deterti lined  in  several  localities 

near  mountains,  but  a  discrepixncy  appeared.     When  the 

Diaf^  of  the  Himalaya.^  was  estimated  and  its  attraction 

caJculated,  it  was  found  to  be  more  than  the  observed 

attraction-     The  same  thing  had  occurred  in  the  original 

experimeDt  by  Maskelyne  at  Schehallian  in  Scotland  ;  and 

a  similar  deficiency  in  the  error  producetl  was  noticed  by 

?tit  in  the  case  of  the  Pyrenees,     Many  attemjjts  were 

le  to  explain  the  discrejmncy,  but  that  which  was  ad- 

iced  by  the  late  Sir  G.  B.  Airy  seems  best  tu  account 

br  all  the  phenomena,  and  is  that  adopted  by  Mr,  Fisher. 

is,  that  every  mountain  mass  on  a  continent  hiis  a  much 

fcfger  mass  projecting  beneath  the  crust  into  the  liquid 

ib^tratum,  exactly  ais  an  iceberg  has  a  larger  mass  under 

le  water  than  above  it.    Sir  G.  B.  Airy  argued  that, 

»lher  the  crust  were  ten   miles  or  a  hunured    miles 

k,  it  could  not  bear  the  weight  of  such  a  inai?H  as  the 

limalayan  and  Tibetan  [)1  a  tea  us  without  krexxking  imni 

Dtiom  to  tops  and  receiving  support  by  ]>a<ially  sinking 

into  the  liquid  mass.    The  best  experiments  show  that  the 

^portionatc  densities  of  most  rocks  in  a  solid  and  a  lifiuid 

iUi  are  approximately  as  ice  ia  to  w^ater,  and  thus  no 

aountain  masses  can  be  formed,  whether  by  lateral  pres- 

or  other  agency,  without  a  corresponding  protuberance 

brming  Ix^ow^  to  keep  the  crust  in  equilibrium-     It  is  this 

lisplacement  of  the  denser  substmtum  by  the  les5  dense 

I  roots  of  the  mountiuns  "  that  IciulB  to  the  total  attraction 

if  Mueh  mountains  being  Ies8  than  they  otherwise  would 

be.     In  our  author's  words — "  the  roots  of  the  mountains 

in  be  felt  by  means  of  the  plumb-line/* 

Still  mure  inipji'tant  and  mtemsting  are  the  revelations 

aflbnled  by  the  pendulum,  since  they  not  only  support  the 

iutcrj>retation  of  the  pUuub-line  experiments  above  given. 
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but  furnish  additional  material  for  estimating  the  vaiying 
thicknesses  and  densities  of  the  earth's  crust.  The  late 
of  vibration  of  a  pendulum  of  constant  length  depends 
upon  the  force  of  gravity  at  the  place,  and  thus  variations 
in  that  force  can  be  determined  with  considerable  ac- 
curacy. Taking  the  number  of  vibrations  in  a  day  of  a 
seconds  pendulum  at  the  equator  and  at  the  sea-level  as 
8G,40(),  the  number  of  vibrations  at  any  other  latitude  can 
bo  calculated  on  the  theory  that  the  earth  is  a  perfect 
spheroid  of  revolution ;  and  geodetic  observations  show 
that  it  has  such  a  form.  At  any  elevated  station,  whether 
on  an  isolated  mountain  or  on  an  extensive  plateau,  the 
{)endulum  will  vibrate  more  slowly  on  account  of  its  greater 
distance  from  the  centre  of  gravity  of  the  earth,  while  it 
would  vibrate  more  (juickly  on  account  of  the  additional 
attraction  of  the  elevated  mass  immediately  beneath  and 
around  it.  These  effects  ciin  be  CiUculated,  and  the 
balance  of  the  two,,  applied  to  the  normal  rate  for  the 
latitude,  will  give  the  theoreticiil  rate  due  to  the  position 
and  altitude  of  the  station.  Experiments  were  made  at 
more  than  twenty  stations  in  India,  varying  from  the  sea- 
level  to  over  15,000  feet  above  it,  and  at  all  the  higher 
stations  there  was  a  deficiency  of  the  observed  as  compared 
with  the  calculated  number  of  vibrations,  of  from  one  to 
twrnty-foil^ibrations  in  the  twenty-four  hours.  In  such 
delicate  oba^vatioiis  there  were  of  course  some  irregulari- 
ties, but  the  fact  of  a  greater  deficiency  at  the  higher 
levi.'ls  came  out  very  clearly,  and  could  be  explained  only 
by  a  deficiency  of  subterranean  density  due  to  the  roots  of 
the  mountains  displacing  a  denser  substratum,  as  in  the 
Ciise  of  the  ]»luml)-line  experiments. 

Before  leaving  this  subject  of  the  ''  roots  of  mountains,"  • 
it  will  be  well  to  refer  to  a  remarkable  corroboration  of 
their  actual  existence  by  evidence  of  a  quite  different  kind. 
It  has  already  been  pointed  out  that  the  rate  of  increase 
of  underground  temperature  would,  if  continued  down- 
wards till  the  heat  equalled  the  melting  point  of  rock, 
give  a  mean  thickness  of  the  crust  of  about  twenty  miles. 
15ut  in  places  where  the  crust  is  so  nmch  thicker,  as  it  is 
supposed   to  be  under  mountains,  the  rate  of  increase 
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should  be  much  less,  becAtise  the  lower  level  of  the  cniet 
in  contajct  with  tho  liquid  suh^t.rahini  must  always  he  at 
about  the  s*imo  ti^injieraturo — lliiit  vi'  inching  rook.  This  is 
found  U>  be  the  viise ;  the  nite  of  increase  at  tho  Ht.  (tothnni 
tunneK  where  the  abservations  were  most  coiiijilete,  being 
V  F,  in  eighty -eight  fe**t,  and  the  corresfHmding  thickness 
of  the  crusfc  thirty -seven  miles.  This  is  certainly  a 
remarkable  confirm  at  ion  of  the  other  observations,  and  of 
the  theoiy  of  mountains  being  supported  in  approxinmte 
equilibrium  by  meani!  of  vast  protuberances  into  the  liquid 
substratum  beneath. 

The  general  result  of  the  whole  series  of  experiments 
with  the  pendulum  shows  that  gravity  is  normal  at  the 
sea- level  both  over  land  and  sea»  and  thus  proves  that  the 
aurfacB  of  the  globe  is  in  a  state  of  equilibrium.  The 
meajsuresof  the  force  of  gravity  over  the  oceans  have  been 
necessarily  taken  on  islands^  and  have  led  to  a  curious 
discoveiy.  The  penduluni  experiments  on  oceanic  i.slanda 
such  an  the  Galapagos,  Ascension,  St  Helena,  Bourbon » 
Guam,  nnd  others,  all  show  an  incn?a8e  in  the  force  of 
gravity,  which,  on  the  average,  is  very  nearly  accounted 
>r  by  the  subaqueous  niiiss  of  land  displacing  water  of 
S8  than  half  the  flensity  of  rock-  Hence  it  is  concluded 
Ihat  these  blands  or  island-mountains  do  not  have  *'  roots  '* 
do  those  on  continents  ;  and  the  same  thing^ceuiii  with 
[>latcii  volcuntics  on  continents^  the  attmctif^Bf  Fujisan 
Japan  1>eing  exactly  that  due  to  its  own  bulriinaflected 
by  the  presence  of  "  riMits  *' projecting  into  the  substratum. 
This  is  explained  by  the  fact  that  volcanic  mountains  are 
lot  produced  by  compression  forcing  the  crust  both  down- 
raroB  and  upwards,  as  other  mountain  masses  are  supposed 
o  have  been  produced,  but  are  more  heaps  of  materials 
lerived  either  from  the  crust  or  the  substratum,  and 
probably  drawn  from  a  considerable  area.  Hence  they 
balanced  not  by**  roots"  projecting  inimediaftly  below 
Ihem,  but  by  a  slight  depression  or  sagging  of  the  crust 
&ver  a  wide  area,  anfl  thus  having  little  effect  on  the  rate 
df  the  pendulum.  In  the  case  of  the  Falkland  Islands, 
Hiowever,  the  force  of  gravity  is  less  than  it  ought  to  be, 
and  this  ejEception  affords  an  interesting  confirmation  of 
VOJii.  L  E 
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the  general  theop%  For  these  are  not  volcanic,  but  are 
true  continental  islands,  fonning  the  outer  margin  of  the 
old  continent  of  Houth  Aiiieric^i,  though  now  S50  miles 
from  land ;  and  thus,  being  surrounded  by  water  instead 
of  by  much  heavier  land,  the  force  of  gravity  Is  m>mewhat 
reduced,  water  having  here  replaced  a  denser  mass  nf 
land. 

The  Argununt  frmn   Volmnw  FktTiontena, 

We  now  come  to  the  more  special  researches  of  Mr. 
Fisher,  which  throw  so  much  light  on  the  hitherto  tmex- 
plained  phenomena  of  volcanoes.  By  means  of  some 
recent  experiments  on  the  melting-point  and  specific  heat  - 
of  rocks,  made  at  his  suggestion,  he  arrives  at  the  conchi-  I 
aion  that  the  average  thickness  of  the  earth's  crust  on 
lands  near  the  sea-level  is  only  about  18  miles.  It^  density 
is  estimated  at  2^68,  water  being  1 ,  and  the  density  of  the 
lit|uid  substratum  at  2*96.*  With  these  new  data  it 
appears  that  if  the  melted  substratum  were  an  inert  mass 
it  woidd  have  cooled  at  such  a  rate  that  the  crust  would 
have  attained  its  present  thickness  in  about  eight  million 
years.  But  geologists  are  almost  unanimously  of  opinion 
that  any  such  period  as  this  is  absurdly  too  small,  and  that 
to  account  for  the  phenomena  presented  by  the  known 
aeries  of  jm^ks  and  their  included  organic  remains,  the 
very  leai^Ptime  that  must  be  allowed  is  one  huniln?d 
million  y^b.  The  conclusion  Mn  Fisher  draws  from  this 
discrepuicy  is,  that  the  substratum  is  not  inert  but  ener- 
getic, that  is,  that  it  is  in  a  state  of  movement  or  circu- 
lation, convection  currents  continually  bringing  up  fresh 
heat  from  below  and  thus  preventing  the  crust  from 
solidifying  bo  rapidly  as  if  there  were  no  such  cur^ 
rents,    A  cause  oi  such  currents  is  found  in  the  frictio^ 

Sjroduced  by  tidal  action  in  the  I i quid  mass,  which  Pro* 
easor  Cr«>rge  Darwin  has  shown  to  be  very  great,  and  ta 
be  at  a  nmxinuim  in  the  central  portions.^ 

Gravity  having  approximately  its  normal  yaliie  all  ovei 
'  For  these  conclusions  see  the  Api)endiic  to  Ph^4tM  of  thf  Sarik*i 

*  Tiiis  13  pointed  ont  in  a  pap<3r  Hj  Mr,   Fisher  of  a  later  date  th 
Jtis  vduut^  dbove  referred  to  j  iti  Proc^  CamMdfft  PhU,  Sot^.^  1892, 


^^ 


^/ 


OUR  MOLTEN  GLOBE 


rii 


tbe  globe  at  the  aea-leveJ,  it  ia  evident  that  there  Tnttst  be 
some  denser  matter  mider  the  oceans  to  make  up  for  the 
much  less  density  of  the  water,  which  is  at  least  three 
mileiS  deep  on  the  average.  A  very  refined  mathematical 
investigation  shows  that  this  can  only  he  brought  about 
by  the  sub-oceanic  crust  being  both  thinner  and  denser 
than  under  the  continents,  the  denser  portion  being  the 
upper  laycn  This  distribution  of  matter  may,  it  is  sup- 
posed, be  due  to  extensive  outflows  of  heavy  basalt  over 
the  original  depressions  forming  the  ocean  floors,  at  some 
early  period  of  their  history,  ^  > 

The  physical  constitution  of  the  liquid  matter  forming 
the  substratum, is  the  next  point  to  be  considered,  and  is 
one  of  the  highlit  importance,  since  it  ia  evidently  what 
detei'mines  both  volcanic  action  and  a  large  portion  of  the 
disturbances  to  which  the  crust  is  subject.  Many  geolo- 
gists are  of  opinion  that  the  phenomena  of  volcanic  action 
can  only  be  explained  on  the  sujiposition  that  the  molten 
matter  forming  the  interior  of  the  globe  halds  in  solution 
enormous  quantities  of  water- vapour  and  other  gases  ;  and 
there  is  ample  evideiice  that  meltetl  lavas  and  slags  do 
contain  such  giises,  which  they  give  out  on  becoming 
solid.  Thus  Mr.  Scrope,  in  his  great  work  on  Volcanocii, 
says:^ — 

'*  There  unqueRtirinably  exists  within  and  liulow  vulcj^uic  vents, 
H  IxHiy  i>f  \tivi%  of  unknown  dimenniims^  pemiiLnently  licjuid  at  nn 
inteiiHe  tt^mperAture^  and  continually  traversed  by  mi ceesBivu  volumes 
cif  tionia  aerifomi  fluid,  which  ewcupe  from  it-H  fiurfHco— thus  present- 
ing all  the  appeamucti  of  a  liquid  in  couBbaut  ebullition," 

And  again : — 

**If  any  doubt  should  suggest  itself,  wbether  thJa  fluid  is 
actually  generated  within  the  lava,  or  only  rises  through  it,  having 
its  origin  in  some  other  tiianner,  it  muat  be  diapelled  by  the  evidence 
afford^  in  the  ejttremely  vesicular  or  cL41ulflr  structure  of  very 
many  erupted  lavaa,  not  merely  near  the  wuiface,  but  throughout 
tbe  rnaaH,  showing  that  the  aerifona  fluid  in  the^  ca&es  certomly 
deyeloi>ed  itself  int^ri^titiidly  in  every  part," 

Professor  Judd,  in  his  volume  on  the  same  subject, 
shows  that  the  presence  of  these  gases  in  lava  is  in  accord- 
anco  with  Henry's  law,  that  liquids  are  able  to  absorb 
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gases  to  an  amount  proportioned  to  the  pressure  they  are 

undor,  and  with  the  ftR-it  that  rnolten  substances  do  actually 
absorb  large  quantities  of  gases.     He  sayn  : — 

**  Silver  in  n  stJite  of  fusion  i^  nVilts  to  abjwirb  22  titnes  its  volume 
of  oxygen  ga8.  Wh^sn  Uio  metal  m  allowiiil  to  cixil  this  g4iJi  is  ^ven. 
o^,  and  if  the  oiNjling  takes  place  Ruddenly  n  crunt  m  fonued  on  th@ 
Burfaco,  and  the  phenouienun  known  as  the  tipitting  of  silver  is 
exhibited-  Sometinies  during  thiw  fiperafcion  miniature  cones  and 
lava -streams  are  formed  on  the  Burfaco  of  the  cooling  njass,  which 
preneiit  a  strikinir  reaeuiblance  to  those  formed  on  a  grand  acale  on 
the  uurface  of  the  globe.  The  raseaixhoaof  Trooat  and  others  have 
@hown  that  molten  iron  and  steel  poaaesa  the  property  of  Absorbing 
considerable  quantities  of  oxygen,  hydrogen,  carbonic  acid,  and 
carlMinic  oxide ^  and  that  these  gases  are  given  off  when  either  the 
temjierature  or  the  pressure  is  diminished.  -  *  -  Von  Hochatetter 
hfis  shown  that  when  molten  sulphur  is  oxposcsd  to  a  temperature 
_  of  20^^  Fahrenheit,  and  a  pressure  of  two  or  three  atmospherea^  in 
the  presence  of  steamy  it  is  found  that  the  sulphur  absorlxj  a  con- 
siderable quantity  of  water,  which  is  given  off  again  with  great 
violence  frotn  the  maaaaa  it  undergoes  solidification.  The  hardentMi 
crust  which  forms  on  the  s^irface  of  the  stdphur  is  agitate<l  and 
fissured,  niiniaturo  cones  and  lavu-HtreJUns  being  formed  ujxin  it, 
which  have  a  striking  resemblance  to  the  grander  phenomena  of  the 
aanie  kind  exhibited  u|>on  the  crust  of  the  globe." 

He  then  goes  on  to  show  that  the  enormous  quantity 
of  steam  and  other  gases  given  off  during  volcanic  action 
and  from  flowing  lava-at reams,  can  only  l>e  accounted  for 
by  suppoaing  that  the  molten  rock  from  which  thej  ai^ 
derived  contains  these  gases  to  an  amount  equal  to  many 
tima^  their  volume ;  and  that  the  same  fact  is  indicated 
by  the  liquefied  gases  that  are  found  in  the  cavities  of 
the  crystals  of  volcanic  products  which  have  consolidated 
under  great  pressure,  such  as  granites,  porphyries,  and 
other  rocks  of  allied  nature. 

There  can,  therefore,  be  no  doubt  as  to  the  fact  of  the 
liquid  substratum  con  ^lining  in  its  substance  an  enomiona 
quantity  of  gases,  the  principal  being  water- vapour,  but 
how  the  gaaes  came  there  is  less  certain ;  nor  does  it 
materially  concern  ua  Some  think  that  those  gases  have 
been  largely  derived  from  sea- water,  which  has  found  its 
way  by  percolation  to  the  heated  interior ;  but  there  are 

*  Intm*oUi&nal  SckmyU  8erki,  vol  x%%y.,  "Volcanoes^"  p*  355. 
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many  difficulties  in  this  view.  Others^  with  whom  is 
Mr.  Fifiher,  think  that  they  farm  an  essential  constituent 
of  the  primeval  globe,  and  that,  instead  of  being  denved 
from  the  ocean,  it  is  more  probable  that  the  ocean  itself 
has  been  derived  from  the  vaiKuirs  which  have  beenalw^iys 
escaping  fi-oin  the  int€Tion  Leaving  this  question  as  one 
of  compinitively  little  importance  for  the  present  discns- 
fiioa,  we  have  now  to  point  out  how  the  tacts,  that  the  fluid 
substratum  is  saturated  with  water- vapum'  and  other 
ga;3es,  and  is  also  subject  to  convection -currents  continually 
bringing  superheated  matter  up  to  the  lower  surface  of 
the  crust,  enable  us  to  explain  the  special  difficulties  as  to 
volcanic  eruptions  alludea  to  in  the  early  portion  of  this 
chapter. 

The  first  of  these  difficultit^  is,  that  neighbouring 
volcanoes  of  very  diflerent  heights  act  cjuite  independently, 
a  fact  which  is  supposed  to  be  inconsistent  with  the  idea 
that  both  are  in  connection  with  the  same  niol  tea  interior. 
It  seems,  however,  to  have  been  assumed  that  a  more 
fissure  or  other  aperture  extending  from  the  surface  to 
the  substnitum,  or  from  the  substnitiim  to  the  surfiice, 
would  necessarily  be  followed  by  an  outflow'  of  lava,  even 
though  the  opening  terminated  at  the  summit  of  a  moun- 
tain many  thous^ind  feet  above  the  sea  level.  But  it  is 
evident  that  on  the  theory  of  a  molten  interior,  with  a 
crust  of  somew^hat  less  specific  gravity  resting  upon  it  in 
hydrostatic  equilibriuni,  nothing  of  the  kind  w^oukl  happen. 
When  a  hole  is  bored  thiough  an  extensive  ice- held, 
whether  on  a  lake  or  in  the  Arctic  Ocean,  the  water  does 
not  spout  up  through  the  aperture,  but  merely  rises  to  the 
same  level  as  it  would  reach  on  the  sides  of  a  detached 
block  of  floating  ice,  or  on  the  outer  margin  of  tlio  ice* 
field  itself.  The  facts  that  the  fluid  on  which  the  cnist 
of  the  eiirth  rests  is  intensely  heatt<] ,  and  that  the  crust 
IB  continuous  over  its  w^hole  surface,  can  make  no  differ- 
ence in  the  behaWour  of  the  fluid  and  the  solid,  so  as  to 
cause  the  molten  rock  to  rise  with  great  viuleiicc  thousands 
of  feet  above  its  mean  level  whenever  an  aperture  is  made; 
and  this  is  the  more  certain  when  wo  take  account  of  the 
fact,  which  may  now  be  considered  to  be  well  established. 
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that  the  crust  floats  on  the  fluid  interior,  and  that  it  is  so 
thin  and  weak,  comparatively  speaking,  that   it  cannot  - 
resist  a  strain  equal  to  its  own  weighty  but  must  bend  or  I 
fracture  so  as  to  keep  every  part  in  approximate  hydro- 
static equilibrium.     Volcanic  action,  especially  continuous 
and  permanent  volcanic  action  like  that  of  Stroinboli  and 
Kilauea,   cannot,  there* tore,   be   explained   by   the   mere 
existence  of  a  thin  crust  and  a  molten  interior;  but  it  is  I 
well  explained  by  the  presence  in  the  molten  mass  of  vast   ' 
quantities  of  gases  existing  under  enormous  pre^ssure,  and 
rt^ady  to  escajie   with    tremendous  force  whenever   that 
pressure  is  greatly  diminished,  and  the  molten  material 
that  contains  it  lowered  in  temperature. 

Let  us  now  endeavour  to  trace  what  will  hapi>en  when 
a  fissure  is  opened  gnidually  from  below  upwards  till  it 
reaches  the  surface.  Owing  to  hydrostatic  pressure  the 
fluid  will  rise  in  the  fissure, and  in  doing  so  will  be  subject 
to  some  cooling  and  diminution  of  density,  which,  as  we 
have  seen,  will  k»ad  to  a  liberation  of  some  of  the  con- 
tained gas,  The  pressure  of  this  gas  will  aid  in  extending 
the  fissure,  and  the  liquid  will  continue  to  rise  till  it 
reaches  the  level  of  hydrostatic  equilibrium,  which  would  . 
be  somewhere  about  two  miles  below  the  surface.  But 
throughout  the  whole  mass  of  the  liquid  in  the  fissure, 
aiul  for  some  dojith  below  the  under  surface  of  the  crust, 
there  would  be  a  continual  liberation  of  intensely  heated 
gases.  These  would  no  doubt  carry  with  them  in  their 
upward  rush  a  [x>rtion  of  the  liquid  matter  which  had 
risen  from  below,  but  they  would  also,  owing  to  their 
intensely  heated  condition,  melt  off  some  portions  of  the 
rocky  walls  of  the  fissure,  and  thus  give  to  the  ejected 
volcanic  products  a  loail  chamcter.  We  here  see  the 
explanation  of  the  supposed  diflSculty  of  the  individuality 
of  neighbouring  volcanoes  and  the  divei-sity  of  their 
products,  and  also  of  the  fact  of  an  eruption  of  lava  from 
the  crater  of  a  lofty  mountain  while  the  liquid  lava  of  une 
close  by,  and  thousands  of  feet  lower,  mainU^ins  its  usual 
lovcL  Kilauea  we  may  BUpjTose  to  owe  its  pcnnanently 
molten  lake  to  a  siphon-like  passage  through  which  a 
constant  flow  of  heated  gases  is  maintained,  and  which 
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f     suffices  to  keep  its  lava  in  permanent  ebullition ;  while 

the  lofty  Mauua  Loa  ha^  its  vent  usual [y  bbcki-il  up,  and 

i      nmy  owe  its  occasional  eruptions  to  an  accumulation  of 

gases  in  some  deep-seated  cavities  which,  at  long  intervals^ 

beeorne  sufficiently  poAverful  to  burst  away  the  obstacle 

and  pour  out  a  quantity  of  melted  material  derived  Irom 

the  sides  of  the  channels  through  which  they  make  their 

way  upward, 

I  The  phenomena  presented  by  the  cmter  of  Kilauea, 

^^rhere  an  extensive  hiva-lake  remains  in  a  constant  state 

^Bf  ebullition  while  keepingr  approximately  the  same  level, 

^Bon  only  be  explained  by  the  upwanl  percolation  of  heated 

^^gases  in  moderate  and  toleraoly  unifonn  streams,  suffi- 

.      cient  to  keep  up  the  melting  temperature  of  the  lava ; 

^■krhile  occasional  more  powerfn I  outbursts  throw  up  jets  or 

^Braves  of  the  molten  matter,  or  sometimes  break  up  the 

^Brust  that  has  formed  over  portions  of  the  lake.     Herci 

^^videutly,  there  is  no  eruption  in  the  ordinary  senses  no 

fresh  matter  is  being  brought  up  from  below,  but  only 

■^fe^h  supplies  of  intensely  heateil  gases  sufficient  to  keep 

^^bie  lava  permaueutly  liquid,  and  to   produce   the  jets, 

^Braves,  and  fountains  of  lava,  and  the  wtrange  surging, 

PBwirlingi  and  wallowing  motions  of  the  tnolten  mass,  so 

Well  described  by  Miss  Bird,  Lord  George  Campbell,  and 

I      other  competent  observers. 

The  sketch  now  given  of  Mr.  Fishers  investigations  as 
to  the  nature  of  the  molten  interior  of  the  earth  and  of 
the  crust  which  overlays  it,  only  covers  a  small  portion  of 
the  ground  traversed  in  his  work.  He  there  deals  also 
with  the  more  difficult  questions  of  the  stresses  pro^hiced 
by  the  contraction  of  the  couling  earth,  and  the  various 
theories  that  have  been  suggt.-sted  to  explain  the  great 
imxiualities  of  its  surface*  The  origin  of  the  great  uceauie 
depressions  and  of  the  vast  mountain  masses  that  every- 
where diversify  the  continental  areas,  and  the  causes  that 
have  produced  the    compression,  upheaval,  folding    and 

j  crumpling  of  the  rocks  at  every  period  of  geological 
history,  are  all  discussed,  and  some  light  is  thrown  upon 

^fcjiese  confessedly  obscure  and  very  difficult  problems. 
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But  whatever  doubts  may  still  exist  as  to  the  exact 
causes  of  these  last-named  phenomena  do  not  apply  to 
those  to  which  the  present  chapter  is  mainly  devoted.  So 
many  distinct  but  converging  lines  of  evidence  indicate  the 
exisienee  of  a  molten  substratum  holding  in  solution,  in 
accordance  with  well-known  physical  laws,  great  quantities 
of  steam  and  other  gases,  and  show  ihat  the  crust  covering 
it  is  a  very  thin  one — while  the  hyp<:>thesis  of  such  a  sub- 
stratum and  thin  Boating  crust  so  well  explains  the  curious 
phenomena  of  great  masses  of  strata  thousands  of  feot 
thick,  yet  from  top  to  bottom  bearing  indications  of  having 
been  deposited  in  shallow  water,  and  the  no  less  singular 
fact  of  a  corresponding  recent  subsidence  in  all  great  river- 
deltas,  and  abo  clears  up  so  many  difficulties  in  the  modes 
of  volcanic  action  and  the  diversity  of  volcanic  pnxlucts — 
that  we  can  hardly  doubt  the  correctness  of  the  hypothesis. 
And  though  at  first  sight  the  idea  of  our  being  separated 
by  a  thickness  of  only  eighteen  miles  of  rock  from  a  layer 
of  molten  lava  of  unknown  depth  may  appear  somewhat 
alanuing,  yet  the  very  tenuity  and  fragility  of  the  crust 
may  itiiself  bo  a  soui*ce  both  of  safety  and  of  utility.  While 
sufficiently  thick  to  secure  us  fi^m  any  injurious  or  even 
perceptible  effects  of  internal  heat,  except  in  volcanic  or 
earthquake  areas,  it  yet  gives  us  the  possibility  and  even 
the  promise  of  an  inexhaustible  source  of  heat  and  power 
at  such  a  moderate  distance  that  we  may  some  day  be  able 
to  utilise  it.  On  the  other  hand,  the  thin  crust  so  readily 
and  constantly  adjusts  itself  to  all  the  alternations  of  strain 
and  pressure  to  which  it  may  bo  exposed,  that  we  are  1 
thereby  seen I'ed  from  the  occurrence  of  vast  cataclysms  ■ 
capible  of  endangering  the  existence  of  any  considerable 
portion  of  our  race,  A  solid  c?arth  might,  possibly,  not  be 
so  safe  and  stable  as  is  Our  Molten  Ulobe, 
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In  an  interesting  article  (Scimcej  Juiil^  and  July.  1899) 
Mr.  T.  C.  Cliambcrlin  has  discussed  the  theory  of  the 
formation  of  our  earth  by  meteoric  accretion  instead  of 
by  the  condensation  of  a  gaseons  or  Hquiil  ring  left  be- 
hind by  the  contnicting  ^un ;  and  he  suggest:^  that  the 
process  of  accrt:tion  might  have  been  so  slow  that  the  beat 
produced  would  never  have  been  sufficient  to  produce  a 
liquid  globe,  and  that  the  somewhat  irregular  mass  of  matter 
partially  solid  ur  in  parts  liquefied,  would  better  explain 
many  geological  phenomena  and  might  lengthen  indefi- 
nitely the  period  of  cooling,  so  as  to  obviate  the  difificulty 
as  to  a  too  limited  j:K*riod  of  solidity  given  by  the  calcula- 
tions of  Lord  Kelvin, 

As  the  meteoritic  theory  of  the  universe  is  now  becoming 
widely  accepted  as  being  in  accordance  with  a  vast  body 
of  lacts,  and  oflering  none  of  the  almost  insuperable 
difficulties  prcsentetl  by  the  nebular  by |30 thesis,  it  may 
he  thought  that  it  contradicts  the  theory  of  a  liquid 
interior  so  strongly  supported  by  the  observations  and 
calculations  summarized  in  the  present  chapter.  Thisj 
however,  is  by  no  means  necessarily  the  case.  It  may 
be  that  the  rate  of  meteoric  accretion  has  greatly  varieJ. 
At  first  it  may  have  been  so  slow,  and  the  impact  of 
the  constituent  meteors  may  have  been  so  compamtively 
weak  owing  to  the  slight  force  of  their  mutual  attrac- 
tion, that  the  nascent  globe  long  remained  solid.  But 
when  it  had  gix»\7i  to  a  considerable  bulk  its  attractive 
force  would  rentier  the  imjmct  of  the  falling  meteors  so 
great  as  to  protluce  |mrtial  liquidity.  If  at  this  stage  the 
hirger  projiortion  of  the  eon  ten  is  of  the  meteoric  ring 
were  drawn  in  to  the  growing  mass,  and  especially  if 
several  large  aggregations  of  matter  successively  foil  in, 
the  outer  portions  of  the  globe  might  become  lifjuid  while 
the  interior  remained  solid,  though  imperfectly  aggregated, 
and  with  numerous  hollows  filled  with  gjises  or  liquids. 
It  may,  therefore^  be  the  case  that  under  the  thin  crust 
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indicated  by  the  facts  adduced  by  Mr.  Fisher  there  exists 
a  molten  interior  of  unknown  thickness,  although  below  this 
molten  matter  there  may  be  a  core,  perhaps  of  equal  bulk, 
formed  mainly  of  solid  but  imperfectly  aggregated  matter, 
permeated  by  liquids  and  gases.  Whether  such  a  mixed 
constitution  of  our  globe  accords  with  the  evidence  of  the 
pendulum  experiments  must  be  left  to  the  mathema- 
ticians to  determine. 


CHAPTER  IV 


THE   ICE   AGE   AND    ITS   WORK 
I,    ERRATIC  BLOCKy   AND   iCE-BHEFfS 

It  is  iittlc  more  than  fifty  years  ago  that  one  of  the  most 
potent  agents  in  nioLiifying-  the  surface-feat  urea  of  our 
country  was  firet  recogniBed.  Before  1840,  when  Agassis 
accompanied  Buckland  to  Scotland,  the  I^ake  District,  and 
Wales,  discovering  everjnvhcre  the  same  indications  of  the 
former  presence  of  glaciers  as  are  to  be  found  so  ahimdantly 
in  Switzerland,  no  geologist  had  conceived  the  possibility 
of  a  recent  glacial  epoch  in  the  temperate  portion  of  the 
northern  hcmisphei-e.  From  that  year,  however,  a  new 
science  came  into  existencCj  and  it  was  recognised  that 
only  by  a  careful  study  of  exisiting  glaciers,  of  the  nature 
of  the  work  they  now  do,  and  of  the  indications  of  the 
work  they  have  done  in  past  ages,  could  we  explain  many 
curious  phenomena  that  have  hitherto  been  vaguely  re- 
garded ns  indieation.s  of  diluvial  agency*  One  of  the  first- 
fruits  of  the  new  science  was  the  conversion  of  the  author 
of  M€li(iui(V  Diluinamc — ^Dr,  Buckland,  who,  having  studied 
the  work  uf  ghiciei-s  in  Switzerland  in  company  with 
Agassiz,  became  con  vinced  that  numerous  phenomena  he  had 
observed  in  this  country  could  otily  be  due  to  the  very  same 
causes.  In  November,  1840,  he  read  a  paper  befoi^e  the 
Geological  St>ciefcy  on  the  *'  Evidences  of  Glaciers  in  Scot- 
land and  the  North  of  England/'  and  from  that  time  to  the 
present  the  study  of  glacita-s  and  of  their  work  hm  been 
systematically  pursued  with  a  large  amount  of  success. 
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One  after  another,  crude  theories  have  been  abandoned, 
facts  have  steadily  accumulated,  and  their  logical  though 
cautious  interpretation  has  led  to  a  considerable  body  of 
well-supported  inductions  on  which  the  new  science  is 
becoming  firmly  established.  Some  of  the  most  important 
and  far-reaching  of  these  inductions  are,  however,  still 
denied  by  writers  who  have  a  wide  acquaintance  wth 
modem  glaciers;  and  as  several  works  have  recently 
appeared  on  both  sides  of  the  controversy,  the  time  seems 
appropriate  for  a  popular  sketch  of  the  progress  of  the 
glacial  theory,  together  with  a  more  detailed  discussion  of 
some  of  the  most  disputed  points  as  to  which  it  seems  to 
the  present  writer  that  sound  reasoning  is  even  more 
required  than  the  further  accumulation  of  facts.^ 

In  the  last  century,  Swedenbofg,  Linnaeus,  Pallas,  De 
Luc,  and  many  other  eminent  writers  took  notice  of  the 
remarkable  fact  that  in  Scandinavia,  Russia,  Germany, 
and  Switzerland  detached  rocks  or  boulders  were  found, 
often  in  great  abundance  and  of  immense  size,  and  of  a  kind 
that  did  not  exist  in  situ  in  the  same  district,  but  which 
were  often  only  to  be  discovered  in  remote  localities,  some- 
times hundreds  of  miles  away.  Those  who  ventured  to 
speculate  on  the  origin  of  these  travelled  rocks  usually 
had  recourse  to  water-power  to  account  for  their  removal ; 
and  as  their  large  size  and  often  elevated  position  required 
some  unusual  force  to  carry  them,  there  arose  the  idea  of 
enormous  floods  sweeping  over  whole  continents ;  and  for 
a  long  time  this  diluvial  theory  was  the  only  one  that 
appeared  to  be  available,  although  the  difficulties  of  its 
application  to  explain  all  the  phenomena  became  greater 
the  more  closely  those  phenomena  were  studied.  Still, 
there  was  apparently  no  other  known  or  conceivable  means 
of  accounting  for  them,  and  for  the  enormous  mounds  of 

^  Tho  works  referred  to  are  : — Do  Glaciers  Excavate?  by  Prof.  T.  C5. 
Bonney,  F.R.S.  {The  Geographical  JouT^ial,  vol.  i.,  No.  6) ;  The  Glacial 
Nightmare  and  the  Flood,  V>y  Sir  H.  H.  Howorth,  M.P.,  F.R.S.  ; 
FragnieniH  of  Earth  Lore,  by  Prof.  James  Geikie,  F.R.S.  ;  Man  and 
the  Glacial  Period,  by  Pro^  G.  F.  Wright,  F.G.S.A.  ;  La  Piriodt 
Glaciaire,  by  A.  Faban  ;  and  the  Glacialvtts'  Magazine,  edited  by  Percy 
F.  Kendall,  F.G.S.  ;  from  which  works,  and  from  those  of  Lyelf, 
Ramsay,  Geikie,  and  the  American  geologists,  most  of  the  fact 
referred  to  iu  these  chapters  are  derived. 
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wel  or  clay  intennixed  with  bonlders  which  often  accom- 

%m^  thern  ;  and  the  efforts  of  geologists  were  therefore 

lirtK^tcd  to  the  di*scovery  of  how  the  water-power  had 

pted,  and  by  what  means  the  supposed  tioodi*  could  have 

1  produced. 

It  there  were  not  wanting  men  who  saw  that  no  action 

j      of  water  alone  could  account  for  the  facts.    Sir  Jfimea  Hall 

1      pointed  this  out  with  regard   to  erratics  on  the  Jura, 

whose  source  was  undoubtedly  in  the  far  distant  Alps ; 

and  Mr.  Gniinger,  in  Anieriea.  described  same  of  the  par- 

L^llel  grooves  and  flutings  running  for  nearly  a  mile  in  Ohio, 

^Btrongly  arguing  that  no  action  of  running  water  could 

^Have  pnxiuced  them,  but  that  an  agent  was  required  the 

^Hfirection  of  whose  movement  was  fixed  and  unalterable  for 

r     long  distances  and  for  a  gre^it  length  of  time.     No  light 

ims,  however,  thrown  on  the  problem  till   1822,  when 

I      Venetz,  a  Swiss  engineer,  finding  that  existing  glaciers 

varicti  in  extent  from  year  to  year  and  that  historical  re- 

wnh  showed  them  to  have  considerably  increa?;ed  during 

~"ie  last  eight  aenturiegj  was  further  led  to  observe  that^  long 

efore  the  historical  era  the  glaciers  had  been  immensely 

ttore  extensive,  as  shown  by  the  smooth  and  rounded  rocks, 

longitudinal  scratches  and  groovea  pointing  down  the 

illeys,  and  by  numbers  of  old  monaines  exactly  similar  in 

[inn  and  materials  to  those  deposited  by  existing  glaciers. 

|e  read  a  paj>er  before  the  Helvetic  Society  of  Natural 

listory,  and  ui^ed  that  glaciers  once  stretched  down  the 

^bone  valley  as  far  as  the  Jura,  and  there  deposited  the 

itic  blocks  which  had  so  puzzled  the  diluvialists  to 

Other  writei^  soon  followed  the  clue  thus  given*  In 
teS5  Charpentier,  after  a  close  study  of  the  erratic  blocks 
ad  of  their  sources,  adopted  the  views  of  Venetz.  Agassiz 
followed,  and  by  his  strenuous  advocacy  did  much  to  spread 
arrect  views  as  to  the  former  extension  of  the  Alpine  gla- 
tets,  and  their  capability  of  explaining  the  numerous  super- 
cial  Tthenomena  which  in  all  northern  countries  hmi  been 
bought  to  afibnl  proofs  of  enonnous  floods  and  of  the 
ibimfgenee  of  a  large  part  of  Europe  under  a  deep  sea. 
ie  haSj  therefore,  gained   the  reputation  of  being  th*i 


m  STUDIES,  SCIENTIFIC  AND  SOCIAL  ohaf. 


[ 


originator  of  the  modern  school  of  glacial ists,  which 
undoubtedly  owes  much  to  his  energy,  research,  and  powers 
of  exposition,  though  all  the  more  important  facts,  as  well 
as  the  logical  conclusions  to  be  drawn  fn>rn  them,  had  been 
pointed  out  by  previous  writers. 

Before  proceediug  further,  it  will  be  well  to  give  a  brief 
outline  of  the  phenomena  which  lead  to  the  conclusion 
that  glaciers  have  formerly  exiiited  in  districts  and  coun- 
tries where  even  perpetual  snow  on  the  mountain  tops  is 
now  unknown.  These  may  be  briefly  classed  as :  (1) 
Moraines  and  drifts ;  (2)  Rounded,  smoothed,  or  planed 
rocks;  (3)  Striae,  grooves,  and  ftiiTows  on  rock -sur faces : 
(4)  Erratics  and  perched  blocks. 

(1)  Moraines  are  those  heaps  or  ridges  of  rock  and  other 
debris  which  are  deposited  on  the  surface  of  a  glacier  from 
the  precipices  or  mountain  slopes  which  boixler  it,  and 
which  form  what  are  termed  lateral  and  media!  moraines 
while  upon  it,  and  terminal  moraines  when,  being  gradu- 
ally discharged  at  its  end,  either  from  above  or  from 
lieneath  it,  they  form  great  heaps  of  rock  and  gravel 
correspond iug  in  outline  and  extent  to  that  of  the  ter- 
minal ice-cliff.  Such  moraines  can  be  seen  on  and  near 
all  existing  glaciei's,  and  their  mode  of  formation  and 
characteristics  are  perfectly  well  known.  If  the  glacier  is 
continuously  retreating,  then  the  terminal  moraine  will 
form  more  or  less  irregular  heaps  over  the  surface  the 
glacier  has  formerly  covered  ;  but  when,  as  is  usually  the 
casej  the  glacier  remains  stationary  for  a  considerable 
period,  then  the  terminal  moraine  will  have  a  definite 
fonn,  and  will  often  stretch  quite  across  the  valley,  but 
presenting  one  or  more  openings  through  which  the  glacier 
stream  has  cut  its  way,  Such  moraines  form  steep  mounds, 
usually  curved  and  often  very  regular,  seeming  from  a 
little  distance  to  block  up  the  valley  like  an  artificial 
earthwork.  Among  hundreds  that  might  be  enumerated 
good  examples  may  be  seen  in  Glen  Isla  (Forfai^hire),  in 
the  Troutbeck  valley  near  Windermere,  and  in  Cwm  Olas, 
on  the  north  side  of  Snowdon^  this  lattc^r  being  so  regularly 
curved,  evenly  sloped,  and  level- topped  as  to  look  from 
below  exactly   tike  an  ancient  fortification*     The  char- 
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cteristic  features  of  tnomines  are,  their  position  in  vallejs 
where  there  are  other  indieationB  of  glacial  actinn,  thoir 
st-eop  slo[*eR  and  often  level  topjs,  but  especially  their  cam* 
piiksition  of  earth,  stones,  and  grsivol,  with  large  frngincntn 
of  rock  iiTegiilarly  scattered  through  them  frfnn  top  to 
bottom  without  any  mg\i  of  stmtincation,  whih^  usually 
one  or  more  large  blocks  rest  upon  their  summits  in  pom- 
tions  where  they  could  only  have  been  left  by  the  retreat 
of  the  glacier,  or  possibly  stranded  from  floating  ice.  The 
aocompaiiying  cut  (Fig,  9)  shows  the  surface  of  part  of  the 
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great  terminal  moraine  of  the  North  American  ice-sheet 

in  gouth-eastern  Massachusetts,  from  the  seventh  RepoH 

if  the  United  States  Geological  Survey.     It  presents  a 

ore  barren  Mid  stony  surface  than  most  of  our  niomines, 

which    ai^e  usually  giuss-covered.     Fig,    10    is  a  view  of 

Easedale    Tam    above    Grasmere,  showing    a    series    of 

moraine  heaps  beyond  the  lake.     Where  extensive  glaciers 

;ave   covered   large    areas   of    nearly   level   ground   the 

oraines  form  great  sheets  extending  for  many  miles, 
often  concealing  the  original  contours  of  the  country,  and 
then  receive  the  general  name  of  drift.     The  composition 
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of  drift  h  usually  the  same  as  that  of  well-marked  moraines, 
largo  blocks  of  stone  being  distributed  thmughout  its  mass. 
It  is  this  which  mainly  distinguishes  drift  from  alluvial  or 
shore  deposits,  in  which  the  materials  are  always  more  or 
less  j^sorted  and  stratified ;  but  the  angvdar  foniis  of  many 
of  the  contained  blocks  and  the  striated  surfaces  of  othi5i^ 
are  also  characteristic.  Besides  the  terminal  moraines  of 
extinct  glaciers,  lateral   moraines  are  also  left  along  the 
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slopes  of  open  valleys  from  which  glaciers  have  retreated. 
As  a  whole,  moraines  are  well  distingtiisheii  fi^om  all 
accumulations  formed  by  water,  and  it  has  not  been  shown 
that  any  other  agency  than  glaciers  is  capable  of  forming 
them.  In  all  recently  glaciated  countries  they  are  to  be 
fomid  more  or  lei-s  frequently,  and  thus  afford  an  excellent 
first  indication  of  the  former  existence  of  glaciers, 

(2)  Smooth  Of  1  and  rounded  rocks,  chilled  in  Switzerland 
**  roches  moutonnees/'  from  their  supposed  resembl^ince  at 
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a  distance   to  sheep   lying  down,  are  perhaps  the  most 
genc^ral  of  all  the  indications  of  glacial   action.     Every 
glacier   carries  with  it,  embedded   in  its    under  surface, 
numbers  of  rocks  and  stones,  which,  during  the  siow  but 
unceasing  moiioD  over  its  bod,  cru»h  and  grind  down  all 
rocky  projections,  producing  in   the,  end  gently  rounded 
or  almost  Hat  surfaces  even  on  the  hardest  and  toughest 
rocks.     In  many  of  the  valleys  of  Wales,  the  Lake  District, 
and  Scotland  every  exposed  rock  has  acquired  this  char- 
acteristic outline,  and  the  same  feature  can  be  traced  on 
all  the  rocky  slopes,  and  often  on  the  summits  of  the  lesser 
heights;  and  the   explanation  of  how   theise   forms  have 
been  pR>duced  is  not  a  theory  only,  but  has  been  observed 
in  actual    operation   in  the   accessible  portitiua  of  many 
glaciei^,     Ri>cks  and  atones  are  to  be  seen  embedded  in 
the  ice  and  actually  scratching,  grooving,  and  grinding  the 
rock  beneath  in  their  slow  but  irresistible  onwaixl  motion. 
The    rocky  islets    in  Windermere,  Ullswater,   and   other 
lak*.^s,  as  well  as  tl»e  Thousanil  Islands  of  the  Str  Lawrence, 
thus  ice-ground ;  and  the  amount  of  the  gi'inding  can 
n  be  seen  to  be  proportional  to  the  pressure  and  motion 
of  the  advancing  glacier.    I  recently  noticed  in  the  marshy 
alluvial  plain  above  Derwent water  a  projecting  rock  which 
has  been  ground  down  to  so  regular  a  cirrve  as  to  look  like 
a  portion  of  an  enormmis  globe  buried  in  the  earth*     By 
rough  measurement   and  estimate  this    rock    was   about 
250  feet  across,  ajid  20  or  30  feet  high.     It  was  forme<l  of 
Jiard   slate,  with    uumei-ous  quartzito    veins,    the    whole 
_    und   down  to  a  uniform  spherical  surface.     It  had 
evidently  once  been  an  island  in  the  lake,  having  a  much 
broader  base  now  hiddi^n  by  the  alluvium,  and  may  origin- 
ally have  been  *>ne  of  thtJst.'  abrupt  craggy  rocks  a  ft!W 
hundred  feet  high,  which,  owing  to  their  superior  hardni:ss 
or  tenacity,  re^sisted  ordinary  denudation,  and  which,  when 
above  the  old  ice- level,  fonn  th<jse  numerous  '*  pikes  *'  which 
add  so  much  to  the  wild  and  picturesque  scenery  of  the 
district.     Looking  at  such  rocks  as  this,  with  outlines  so 
utterly  unlike  any  that  are  pi-oduced  in  similar  formations 
by  sub-aerial  denudation — and  they  are  to  be  seen  by 
scores  in  all  glaciated  regions— we  cannot  but  conclude 
VOL.   I*  F 
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that  the  ico-tmjl  has  done  more  than  merely  nib  off  the 
angles  and  minor  prominences,  and  that  it  has  really  ground 
away  roeky  hills  to  an  unknown  but  very  considerable 
extent ;  and  this  conchision  is,  as  we  shall  see,  supported 
by  a  very  large  amonnt  of  confirmatory  evidence.  It  may 
be  noted  that  ice-gronnd  rockis  usually  show  the  direction 
in  which  the  ice  has  moved,  by  the  side  opposed  to  the 
motion  beting  mom  completely  smoothed  than  the  lee  side, 
which  often  retains  some  of  its  ruggedness,  having  been 
protected   partly  by  the  ice  overriding  it  and  partly  by 
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the  accumulation  of  its  own  d<'^bris.  Where  such  n>cks 
occur  in  the  higher  piirts  of  valleys  the  smooth  side  always 
IcMjks  up  the  valley  from  which  the  glacier  has  descended. 
In  the  mare  open  jmrts  of  valley.*^,  or  in  high  coombs  or 
cirques,  where  two  or  more  small  ravine.s  meet  and  where 
the  ice  may  have  been  embayed  and  have  acquired  a  some- 
what rotary  motion,  the  rocks  are  seen  to  be  ground  down 
on  all  sides  into  smotith  mauimillated  mounds  or  hum- 
mocks, showing  that  the  ice  has  been  forced  into  all  tho 
irregularities  of  the  surface.  An  example  on  a  small  scale 
is  to  be  seen  in  Cwin  Glaa,  on  the  north  side  of  Snowdon 
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liove  the  fine  moraine  already  mentionecl,  and  in  many 
thyr  places  amund  the  same  mountain.  On  the  whole, 
>niJtidGring  their  abunrlanco  in  all  glaciated  region^s,  and 
%he  amount  of  intbnnatioii  they  give  i\s  to  the  direction 
and  grinding  power  of  ice,  these  rounded  rocks  affonl  one 
of  the  most  instructive  indications  of  the  former  presence 
of  glaciery ;  and  we  must  also  agree  with  the  conclusion  ni" 
^^arwin  (in  a  paper  written  after  studying  the  phenomena 
of  iro  action  in  North  Wales,  and  while  fresh  from   his 
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^rvations  of  gliiciei"H  and  icebergs  in  the  southern  hemi- 
})  that  **onetif  thebi^at  crlterionsbetwtHi^n  the  effects 
;>nidueed    by  the  j*a!:5iaige  of  glaeiei^  and  of  icebergs^  m 
or  dome-sha|jed  rocks/*     (Fig.  11.)  from  the  United 
Jtatea    Oeological    Hurvey  Reports,  is  a  fair   illustration 
"of  rtyf'h^is  mcutf}n7uf€S, 

(3)  Htriated,  grooved,  and  fluted  rocks,  though  closely 
(Connected  with  the  procetling,  fomn  a  distinct  kind  of 
B  vide  nee  of  the  greatest   value.     Most  of  the  bosses  gf 
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rock  just  described  have  been  eitposed  to  the  action  of  the 
atmosphere, perhaps  since  the  ice;  left  them,  and  have  thus 
become  more  or  less  roughened  or  even  disintegrated  ;  but 
where  the  rocks  have  been  protected  hy  a  covering  of 
drift,  or  even  of  turf, and  have  been  recently  exposed,  they 
often  exhibit  numerous  parallel  striae,  varying  from  the 
finest  scnitches  to  deep  furrows  a  foot  or  more  in  diameter. 
Fine  examples  are  to  be  seen  near  the  lakes  of  Llanbens, 
and  they  occur  more  or  less  fni^quently  in  every  glaciated 
country.  The  accom{>an\ing  illustnitiou  (Fig.  12),  which 
I  owe  to  the  kindness  of  Mr  Godfrey  Bingley,  of  Leeds, 
shows  a  striated  surface  of  Shap  granite  at  Wasdale  Crag, 
Westmoreland,  Perhaps  none  of  the  effects  of  ice  so 
clearly  demonstrate  the  action  of  glaciers  as  opposed  to 
that  of  icebergs,  owing  to  the  geneml  constancy  of  the 
direction  of  the  striaei,  and  the  long  distances  they  may 
he  traced  up  and  down  slopes,  with  a  steadiness  of  motion 
and  evenness  of  cutting  power  which  no  floating  mass 
could  possibly  exert.  Sir  A.  Geikie  tells  us  that  in  Gare- 
loch,  Bute,  and  Cantyre  the  striations  on  the  rocks  mn 
up  aod  over  the  ridges,  and  are  as  clearly  shown  on  the 
hill- tops  fis  in  the  valleys,  Mn  D.  Mackintosh  states  (in 
his  paper  on  the  "  Ice-sheet  of  the  Lake  District  and  of 
North  Wales  '*)  that  in  the  valley  above  Windermere  the 
striae  cross  Rydal  Fell,  Longhrigg  Fell,  and  Orrest  Head, 
ascending  and  descending  their  slopes,  often  obliouely. 
But  it  is  in  the  United  States  that  the  most  remarkable 
rock-gToovings  are  to  be  found,  extending  over  a  large 
portion  of  the  North -eastern  Stat^.  Li  his  report  on 
"The  Rock-scorings  of  the  Great  Ice  Invasions,"  Mr,  T.  C. 
Chamberlin  gives  many  fine  illustrations,  from  photo- 
graphs, showing  striae  and  grooves  along  sloping,  curved, 
or  vertical  surfaces,  the  striae  foilowiag  the  changes  of 
curve,  BO  that  the  grinding  material  must  have  been  slowly 
forced  into  close  contact  with  the  irregular  surface.  Of 
one  of  these  examples  Mr.  Chamberlin  says: — 

**  The  climax  of  adapkiibility  Is  reached  in  the  Bbriation  of  WArped 
and  twi^t^Kl  Hurfiict?Sj  and  of  tortuoua  valley 3>  <_Hio  of  the  tnc»st 
remftrkftble  known  inst-anceft  ni  this  within  the  limits  of  photi)jrriiphic 
Uluatmtion  i»  furnished    by  the  great  ghkcial   grcMsves   ut  Ktdly  3 
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lal&tid.  Th^ie  exhibit  not  only  the  pliJincy  of  the  ic^,  but  at 
tie  s&nie  time  its  etrong  htild  upon  the  animtura  with  which  it 
I  work  of  abraHion,  grooving,  and  striation.  For,  while  the^e 
I  can  scarcely  he  supposed  to  have  been  originated  d^.  jt'Ovtj  by 
ouging  action  of  the  ice,  they  nre,  ne^ertheleH^,  ploughed  with 
l^eep  furrowB,  the  symmetry,  continuity,  and  peculiar  fonii  of  aome 
t>f  which  are  only  intelligible  on  the  auppoHition  that  they  were  cut 
by  a  Hingle  graving  t4>ol,  held  with  anrticient  tenacity  by  the  ice  to 
E^;ut0  by  a  Bingle  miivement  a  deep,  sharply -de  fined  groove. 
here  ifi,  perhapH,  no  liner  ilIu8tration  of  the  pliancy  with  which  the 
¥%c&  yieldi^  to  it<s  encuiiiimsaing  harriers^  the  tenacity  with  which  it 
htjld  its  animturct  and  withal  the  preiiHUre  tJiat  lM»th  forced  it  into 
coiupliancis  with  it^i  t-i^rtuoiXH  clvaimel,  and  prc^^od  it  relentlessly 
forward/*  * 

Kelly  8  Island  in  at  the  westom  end  af  Lake  Erie,  and 
in  the  direction  of  the  stria*  to  the  north -eiist  there  is  no 
igh  ground  for  about  400  miles.     Looking  at  these  facts, 

cannot  give  any  weight  to  the  opinions  of  theyo  who, 
from  observations  of  existing  glaciers,  declare  positively 
that  ice  cantwt  go  uj3-hill,and  can  exert  no  grinding  power 
on  level  ground. 

The  two  photo'plates  here  given  show,  however,  that 
we  posseite  equally  iino  illustnitions  of  ice-gri>oving  in 
our  cvwn  country.  Fig.  Itl,  kindly  given  me  by  Mr.  Percy 
F,  Kendall,  well  shows  the  size  of  the  grooves  by  com- 

rison  with  the  boy's  body.  It  was  taken  at  Barmouth, 
Wales,  The  other  (Fig  14),  I  believe  at  the  same 
lace,  shows  how  the  ice  has  been  forced  into  curves  by 
he  general  form  of  the  nx-k  suHace,  a  phenomenon  that 

idicates  a  slow-moving  plastic  material  such  as  glacier- 
ice  is  proved  t*>  be^  ana  which  could  not  have  been  caused 
fcj  any  other  known  agency.  The  highly  |>olished  surface 
of  the  rock  is  well  shown  in  the  photograph,  though  in  a 

iS  degree  in  the  reproduction. 


^^0S£ 


3n*ati€S  and  Patched  Blocks, 

(4)  Ermtic  blocks  were  among  the  phenomena  that  finat 

Iattracted  the  attention  of  men  of  science.  Large  n) asses 
of  granite  and  hard  melamorphic  rock,  which  can  be 
*  SfttiUh  AnmttU  Report  q/ tha  UnitM  Siii4€«  ihofogica^  ♦S'w^^j.^ey,  p, 
l7^tFig,  11 K  Arrangements  have  now  bean  iiiaile  for  the  prcat»rvatioTi 
Bf  th(5i«r  remarkable  examples  of  ice  work. 
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traced  to  ScandinaYia,  are  found  scattered  over  the  plains 

of  Denmark,  Prusaiaj  and  Northern  Germany,  where  they 
rest  either  on  drift  or  on  quite  different  formations  of  the 
Secondary  or  Tertiary  perioda.  One  of  these  blocks, 
estimated  at  1,500  tons  weight,  lay  in  a  marshy  plain 
near  St.  Petersburg,  and  a  portion  of  it  was  used  for  thtA 
pedestal  of  the  statue  of  Peter  the  Great.  In  parts  of  i 
North  Germany  they  are   so  abundant  as   to  hide  the 


surface  of  the  ground,  being  piled  tip  in  irregular  masses 
forming  hills  of  gmnite  boulders,  which  are  often  covered 
with  forests  of  pine,  birch,  and  juniper.  Far  south,  at 
Furstcnwalde  south -east  of  Berlin,  there  was  a  huge 
block  of  Swedish  red  granite,  from  one  half  of  which 
the  gigantic  basin  vva^s  wrought  which  stands  befiJi-e  the 
New  Museum  in  tliat  eity.  In  Holstein  there  is  a  block 
of  granite  20  feet  in  diameter:   and  it  was  noticed  by 
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De  Luc  that  the  largest  blocks  wore  oftcsn  found  at  the 
greatest  distance  from  the  partint  rock,  and  that  thiJ? 
fact  was  conclnsive  against  their  having  been  brought 
to  their  |>re^ent  position  by  the  action  of  fluody* 

Mrmtk  H locks  in  HiHtzerhtmh 

It    is,  however,    in   Switzerland  that   we   find    erratic 
blocks  which  furnish  us   with  the  most  conclusive  testi- 
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mony  to  the  former  enortnoiis  extension  of  ghicicts ;  and 
as  these  have  been  examined  with  the  greatest  can%  and 
the  facts,  as  well  as  the  main  inductions  from  the  facts, 
are  generally  admitted  by  all  modern  writers,  it  will  be 
well  to  consider  them  somewhat  in  detail.  It  will  be 
found  that  they  give  us  most  valuable  information  both 
as  to  the  <lepth  and  extension  uf  ancient  glacieiis,  and 
also  as  t^j  tlie  piissibilities  of  mi>tion  in  vride-spreading 
iee-s^heets. 
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The  most  important  of  these  facts  relate  to  the  erratic 
blocks  froTw  the  higher  Alps,  which  are  found  on  the 
Hank?^  of  the  Jura  Mountains  wholly  formed  of  limestone, 
un  which  it  is  therefore  easy  to  recognise*  the  ^anites, 
slates,  and  old  metamorphic  rocks  of  the  Alpine  chain. 
These  erratic  blocks  extend  along  the  Jura  nmge  tor  a 
distance  of  100  miles,  and  up  to  a  height  of  2,015  feet 
above  the  Lake  of  Neufchatel  The  fii-st  important  point 
to  notice  is,  that  this  highest  elevation  is  attained  at  a 
spot  exactly  opposite,  and  in  the  same  direction  as,  the 
Rhone  valley,  between  Martigny  and  the  head  of  the  Lake 
of  Geneva,  w^hile  north  or  south  of  this  point  they 
gradually  decline  in  elevation  to  about  500  feet  above 
the  lake.  The  blocks  at  the  highest  elevation  and 
central  point  can  be  traced  to  the  eastern  shoulder  of 
Mont  Blanc.  All  those  to  the  south-west  come  from  the 
left-hand  side  of  the  lower  Rhone  valley,  while  those  to 
the  north-east  are  all  from  the  left  side  of  the  upper 
Rhone  valley  and  its  tributaries.  Other  rocks  coming 
from  the  right-hand  side  of  the  upper  Rhone  valley  are 
found  on  the  right- hand  or  Bernese  side  of  the  greM 
valley  between  the  Jura  and  the  Bernese  Alps.^ 

Now,  this  peculiar  and  definite  distribution,  which  hns 
been  worked  out  w4th  the  greatest  care  by  numerous 
Swiss  geologists,  is  a  necessary  consequence  of  well-known 
laws  ot  glacier  motion.  The  debris  from  the  two  sides  of 
the  main  valley  form  lateral  moraines  which,  howevei* 
much  the  glacier  may  afterwards  be  contiucted  or  spread 
out,  keep  their  relative  position  unclmngccL  Each  im- 
piM'tant  tributary  glacier  brings  in  other  lateral  moniine,^, 
and  thus  when  the  combined  glacier  ultimately  spreads 
out  in  a  great  lowland  valley  the  several  moraines  will 
also  spi*ead  out,  while  keeping  their  relative  position,  and 
never  crossing  over  to  mingle  with  each  other.  So  soon 
as  this  definite  position  of  the  erratics  was  worked  out  it 
became  evident  that  the  fi i-st  explanation^by  a  great 
submergence  during  which  the  lower  Swiss  valleys  wore 
arms  (»f  the  sea  and  the  Rhone  glacier  broke  off  in  ice- 
bergs which  carried  the  t^rratics  across  to  the  Jura — was 

'  S*ie  Map  fit  p,  128. 
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iltogether  untenable,  and  that  the  original  explanation 
of  Venotz  and  Charpentier  was  the  true  one.  Sir  Charlea 
Lyell,  who  had  first  adopt erl  the  iceberg  theory,  gave  it 
upon  examining  the  country  in  1857  and  ascertaining 
"ihat  the  facts  were  correctly  stated  by  the  Swiss  geolo- 

"sts ;  and  there  is  at  the  present  day  no  writer  of  the 
least  importance  who  denies  this.  Sir  Henry  Ho  worth, 
who  is  one  of  the  strongest  opponents  of  what  he  considers 
the  extreme  views  of  mcKlern  glacialists,  gives  a  full 
summary  of  the  facts  iia  to  the  old  Rhone  glacier  from 
Charpentier  He  states  that  between  Martigny  anti  Ht, 
Maurice  the  moraine  debris  on  each  side  of  the  valley 
shows  the  glacier  to  have  reached  a  height  of  3.000  feet 
above  the  river  ;  farther  on.  where  the  valley  widens  over 
the  Lake  of  Gene%'a,  it  sank  to  2,600  feet,  while  on  the 
Jura  itself  it  seems  to  have  been  again  raised  to  3,000 
feet  at  its  highest  point  ^ ;  and  he  quotes  Charpentier's 
general  conclusion : — 

''  It  goea  without  sayinjf  that  not  only  all  the  vaUeya  of  the  V*dab 
were  fiJled  with  ice  up  to  a  certain  heigh t,  hut  that  all  h»wev  Swit- 
/.erbtncl  in  which  we  tind  thi>  i^rratic  di^bii»  of  tlie  Rhoue  valley  luiiBt 
have  lj<3e«  cfjvereri  by  the  saiiie  glacier.  C\jnsc<:]iiently  all  the 
country  l>etweeu  the  AljiH  and  the  Sum,  nnd  between  the  enviroiiii 
of  Geneva  and  ihoAe  of  Holeuro,  haa  b^i^n  the  ht^d  of  a  glacier/* 
And  then,  after  quoting  the  observations  of  Aga^iz  on 
the  siiuje  phenomena  and  of  those  of  North  America^  he 
givers  his  uwn  conclusions  in  the  following  words : — 

**  It  ia  plain  tu  th<jse  whfi  wnuld  lotik  without  prejudii^e  that  the 
rounded  and  in'inuTi dated  HUrfacea^  the  scratched,  poli»hedf  and 
grooved  rockK,  and  a  gre»t  number  of  the  phenomtrna  which 
aocompanied  tlie  di>«tiihutioti  tif  tliu  liouldefK  and  the  drifts  are  con^ 
i^i^tent  cjnly  with  the  fact  that  in  the  last  geological  age  there  waa 
an  immeuHtJ  deveU^pment  uf  glaciers  which  ticenpied  not  unly  the 
high  ranges  of  tlvii  Alpw  and  the  D^^vrefjeld^  but  the  secimdary  ranges 
and  l*>wer  heights  nf  the  c^mtinonts  r*f  Eur(i|je  a*jd  North  America. 
Thift  c«>ncluHiori  seeing  suf)i>+ii'ted  by  every  form  of  converging  evi- 
cleDCOf  and  is  ap|Mire«tly  lieyond  the  reach  of  c?vviL  So  far  there 
IB  no  i|uestion  at  L^ue/'  ^ 

*  TheM*  figures  &tv  almost  certainly  incorrect,  lis  the  upper  fiurface 
of  the  gWier  must  have  had  a  i=onrtiderahlc  downward  elope  to  produce 
motion.  The  recent  work  of  M.  Kul^kn,  La  F^riofle  Gttirimire^  given 
the  thick ut!Wi  jta  aljoqt  3j8iK>  feet  at  tli«  head  of  the  li^ke  nnil 
^i,2.'i(J  feet  at  (ienevii. 
^_^  *   Tht  Olfwiiti  Xi*fhtmart  and  the  Flood,  p.  208. 
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We  may  take  it,  therefore,  that  the  views  of  Charpentier, 

Agassiz,  and  Sir  Charles  Lyell  as  to  the  extent  and  thick- 
ness of  the  great  Rhone  glacier  are  admitted  to  be  correct, 
or,  at  least,  not  to  be  exaggerated,  by  the  most  strenuoias 
opponents  of  the  extreme  glacialists.  We  may,  therefore*, 
use  this  as  a  fixed  datum  in  our  further  investigations,  and 
I  think  it  will  be  found  to  lead  us  irresistibly  to  conclu- 
sions which  in  other  cases  these  writers  declare  to  be  in- 
admissible. 


Erratu  Blocks  in  Nmih  America^ 

We  must  now  consider  briefly  the  distribution  of  erratics 
in  North  America,  bec^*iuse  they  present  some  peculiar 
features  and  teach  us  much  concerning  the  possibilities  of 
glacier  motion. 

An  immense  area  of  the  North-eastern  Staters,  extending 
south  to  New  York,  and  then  westward  in  an  irregular  line 
to  Cincinnati  and  St  Louis,  is  almost  wholly  covered  with 
a  deposit  of  drift  material,  in  which  rocks  of  various  sizes 
are  embedded,  wliile  other  rticks,  often  of  enormous  size, 
lie  ui>on  the  surface.  These  blocks  have  been  carefully 
studied  by  the  American  geologists,  and  they  present  us 
with  some  very  interestiog  facts.  Not  only  are  the  dis- 
tances fram  which  they  have  been  transported  very  great* 
but  in  many  cases  they  are  found  at  a  greater  elevation 
than  the  place  from  which  they  must  have  come.  Pro- 
fessor G.  F*  Wright  found  an  enormous  accumulation  of 
boulders  on  a  sandstone  plateau  in  Monroe  County,  Penn- 
sylvania. Many  of  these  boulders  were  of  granite,  and 
must  have  come  either  from  the  Adirondack  Mountains 
200  miles  to  the  north,  or  frani  the  Canadian  Highlands  ■ 
still  farther  away.  This  accumulation  of  lx»ulders  Wiis  70  1 
or  80  feet  high,  and  it  extended  many  miles,  descending 
into  a  deep  valley  1 ,000  feet  below  the  plateau  in  a  nearly 
ciuitinuous  lino  forming  part  of  the  acm thorn  moraine  of 
the  grt^at  Americixn  ice-sheet. 

On  the  Kentucky  hills,  about  twelve  miles  south  of  Cin- 
cirinati,  conglomerate  boulders  containing  pebbles  of  red 
jasper  can  be  traced  to  a  limited  outcrop  of  the  same  rock 
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Canada  to  the  north  of  Lake  Huron,  more  than  600 

imle*«(  distant,  and  similar  boulders  have  betm  found  at  in- 
tervals t>ver  the  whole  intervening  country.   In  both  these 
eases  the  blcK?ka  must  have  passed  over  intervening  valleys 
and  hills,  the  latter  as  high    or  nearly  as    high  as  the 
urcc  fri>m  whence  the  rocks  were  derived.     Even  more 
niarkable  are  numerous  bouldt^rs^  of  Helderberg  limestone 
n  the  sunuTiit  of  the  Bhie  Ridge  in  Penni^ylvania,  which 
mxmt  have  been  brought  from  leclges  at  legist  500  feet 
lower  than  the  places  upon  which  they  now  lie.     The  Blue 
^^  Ridge  itself  shosvs  remarkable  signs  of  glacial  abrasion,  in 
^^b  well-defined  Bhotdder  marking  the  southern  limit  of  the 
^Hce  (a.s  indicated  also  by  heaps  of  drift  and  erratics) p  bo 
^^phat  Mr.  Wright  concludes  that  several  hundred  feet  of 
^|U|^  ridge  have  been  worn  away  by  the  ice. 
^^P  ^"he  crowning  example  of  boulder  transportation  is,  how- 
^ever,  afforded  by  the  blocks  of  light  grey  gneiss  discovered 
by  Professor  Hitchcock  on  the  summit  of  Mount  Washing- 
ton, over  G.OOO  feet   above  sea-level,  and  identified  with 
Bethlehem  gneiss,  >vhose  nearest  outcrop  is  in  Jefferson, 
several  miles  to  the  north -west,  and  3,000  or  4,000  feet 
lower  than  Mount  W^ishingtom 

k  These  varied  phenc^meiia  of  erratic  blocks  and  rock 
liriations,  together  with  the  enormous  quantity  of  boulder- 
Jay  and  glacial  drift  spread  over  the  whole  of  the  Eaj>tcrn 
Jtates,  terminating  southward  in  a  more  or  less  abrupt 
ine  of  mounds  having  all  the  characteristics  of  an  enor- 
mous moraine,  have  [ed  American  geologists  to  certain 
definite  conclusions  in  which  they  all  pnietically  agree.  It 

I  may  be  well  fii-st  to  give  a  nt>tion  of  the  enormous  amount 
of  the  glacial  debris  under  which  a  large  part  of  the  Eas- 
tern States  is  buried.  In  New  England  these  deposits 
are  of  less  thickness  than  farther  south,  averaging  from 
10  to  20  feet  over  the  whole  area.  In  Pennsylvania  and 
New  York  emt  of  the  Alleghanies,  the  deposits  are  very 
irregidar,  often  60  or  70  feet  thick  and  sometimes  more. 
West  of  the  Alleghanies,  in  New  York,  Pennsylvania  and 
Ohio,  the  thickness  is  much  greater,  being  often  150  or 
200  feet  in  the  wide  valleys  and  40  or  50  feet  on  many 
of  the  uplands.      Profess<;jr  Newberry  calculates  that  in 
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Ohio  it  averages  60  feet  deepov^ran  ares  of  25, 000  square 
miles. 

The  Nmih'Ammcan  Ice-skeeL 

The  direction  of  the  strifii  and  of  the  t^iL veiled  boulders 
together  with  the  fonii  of  the  great  terminal  moraines 
show  that  there  must  have  been  two  main  centres  of  out- 
flow for  the  ice-sheet,  one  over  Labrador,  the  other  over 
the  Laurentian  Highlands  north  of  Lake  Superior.  The 
southern  margin  of  the  drift  miiy  be  roughly  repreaented 
hy  jiortions  ol  circles  drawn  from  these  two  points  as  cen- 
tres. The  erratics  on  the  sunnuit  of  Mount  Wiiwhington 
show  that  the  ice-sheet  must  have  been  a  mile  thick  in 
its  neigh  bo  urhix>d,  and  much  thicker  at  the  centres  of  dis- 
persion, while  the  masses  of  drift  andermties  on  plateaus 
2,000  feet  high  near  its  southern  boundary  indicate  a 
great  thickness  at  the  termination.  The  Laurentian 
plateau  is  now  about  2,000  feet  above  the  sea-level,  but 
there  are  numerous  indications  from  buried  river  channels, 
filled  with  drift  and  far  below  the  sea,  which  lead  to  the 
conclusion  that  during  Lho  Ice  Age  the  land  was  much 
higher.  That  snow  cim  aceuniutate  to  an  enormous  extent 
over  land  of  mixlerate  height  when  the  conditions  are 
favourable  for  such  an  accumulation  is  show^n  by  the  case 
of  Greenland,  the  greater  part  of  whose  surface  is  a  vast 
plateau  of  ice  Howing  outward  by  numerous  glaciers  into 
the  sea.  The  centre  of  this  plateau  where  Dr.  Nanaen 
crossed  it  was  over  9,000  feet  above  sea- level,  and  it  may 
be  very  much  higher  farther  north.  It,  thei^fore,  seems 
probable  that,  the  great  Americcan  ice-sheet  w^as,  at  least,  as 
high  and  perhajKS  much  higher,  and  this  would  give  suffi- 
cient slope  for  the  flow  to  the  S4*uthern  border.  Of  course, 
during  the  successive  stages  of  the  glaeiation  there  may 
have  been  numerous  local  centres  from  which  glaciers 
radiated,  and  during  the  ]>assing  away  of  the  Ice  Age  these 
local  glaciers  would  have  left  striie  and  other  indications 
of  their  presence.  But  so  much  of  the  area  covered  by 
the  drift — all,  in  fact,  south  of  the  New  England  moun- 
tains and  the  Great  Lakes— is  undulating  ground,  hill, 
valley,  and  plateau   of  mudemte  height,  that  here  all  the 


IV  THE  ICE  AGE  AND  ITS  WORK  77 

pheoomena  seem  to  be  due  to  the  great  confluent  ioo- 
sheet  during  the  various  phases  of  its  advance  and  its 
pacing  away. 

Sir  Henry  Ho  worth,  in  hiB  very  instructive  work  al- 
ready quoted,  denies  the  existence  and  even  the  possibility 
of  such  ice-sheets  as  those  here  indicated  as  haviijg  occurred 
in  North  America  and  Europe,  He  maintains  that  ice  of 
the  requisite  thickness  could  not  exist,  as  it  would  be 
crushed  or  liquefied  by  its  ow^n  weight ;  and  further,  that 
if  it  existed  it  could  not  po^isibly  move  over  hundreds  of 
tniles  of  generally  level  country,  passing  over  hills  and 
valle^i3  and  carrying  with  it,  either  on  its  surface  or  in  its 
lower  strata,  the  enonnous  quantity  of  boulders,  gravel, 
and  clay  which  we  find  everywhere  overlying  the  present 
surface  of  the  ground.  No  doubt  the  difficulty  does  seem 
an  enormous  one,  but  I  think  that  it  can  be  shown  to  be 
not  so  great  as  it  seems  ;  and  it  is  certiiinly  by  no  nie^ans 
so  insuperable  as  that  of  the  apocr^'phal  floods,  or  *'  wave^ 
of  translation  "  ;is  they  have  been  callecj,  to  which  he  im- 
putes the  phenomena.  He  asks  us  to  believe  in  one  or 
more  gigantic  waves  sweeping  over  Eastern  North  America, 
*ng  boulders  to  the  summit  of  Mount  Washington^ 
ly  6,000  feet  high,  scattering  othei-s  over  an  area  wiiich 
is  roughly  1,000  tniles  from  east  to  west  and  600  from 
north  to  south,  and  in  its  counse  proriucing  those  wonderful 
striae,  grooves,  anil  furrows  in  the  n>cks  photographed  in 
the  Americiin  njports.and  the  enormous  extent  of  smoothed 
and  rounded  nxk  .surfaces  that  is  found  over  this  wide 
area. 

But,  besides  these,  there  are  two  other  phenomena  abso- 
lutely inconsistent  with  a  diluvial  agency.  One  is  the 
enormous  dep<?sits  of  fine  compact  clay  bearing  rouniled 
and  scratched  stones  thickly  scattered  through  it,  utterly 
unlike  any  deposit  produced  by  water,  which  would  neces- 
sarily leave  the  stones  hundreds  of  miles  behind  the  place 
to  which  the  fine  mud  would  be  carried.  The  other  is 
the  existence  of  w^ell-defined  heaps,  mounds,  and  ridges  of 
gravel  and  boulders,  forming  the  terminal  momine  of  the 

kice^sheet.  This  is  exactly  similar  in  geneml  form  and 
stmcture  to  the  moraines  left  bv  the  old  Alpine  or  North 
I . 
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British  glaeienis,  and  if  the  fonner  could  have  been  pro- 
duced by  a  flood  so  could  the  latter.  But  the  American 
terminal  moraine  runs  across  the  country  almost  irrespec* 
ti%'e  of  its  contour,  and  is  often  as  well  marked  on  plateaus 
as  in  valleys  and  on  the  intermediate  slopes.  Moreover, 
this  moraine  often  lies  on  the  southern  slope  of  the  bilk 
draining  towards  the  Mississippi  valley  ;  and  we  are  asked 
to  believe  that  a  flood  vast  enough  to  carry  gmvel  and 
rocks  for  hundreds  of  miles  to  such  a  position,  left  them  all 
stranded  on  a  slope  down  which  it  most  have  been  rush- 
ing with  increased  velocity  and  without  hindrance  towards 
the  Gulf  of  Mexico !  So  far  as  I  know,  Sir  Henry 
How^orth  is  absolutely  alone  among  living  writers  in  his 
diluvial  theories,  and  I  only  give  tJhis  brief  statement  of 
their  overwhelming  impossibilities  because  his  book  is  so 
interesting,  and  his  assertions  that  his  theory  explains  nil 
the  facts  are  so  confident  and  so  often  repeated,  that  they 
are  likely  to  confuse  the  judgment  of  readers  who  have 
not  paid  special  attention  to  the  subjocL 

The  L'hoiu  Glacim*  ami  Ic€-sfteei. 

Returning  to  the  main  cjuestion,  of  the  possibility  of 
glaciers  or  ice-sheets  moving  over  long  distances  of  gener- 
ally level  ground  with  intervening  hills  and  valleys,  there 
is  an  important  piece  of  evidence,  the  bearing  of  which 
appears  to  have  been  overlooked  by  objectors.  The  former 
existence  of  the  great  Rhone  glacier  depositing  erratics  on 
the  slopes  of  the  Juni  from  beyond  Geneva  on  the  south- 
west to  Soleure  on  the  north -east,  is  universally  admitted. 
This  glacier  passed  out  of  the  gorge  between  the  Dent 
du  Midi  and  the  Dent  de  Moix:les,  and  a  little  below  St 
Maurice  entered  on  the  alluvial  phiin  which  extends 
to  the  hike.  From  this  j>oint  to  Geneva,  a  distance  of 
about  60  miles,  may  be  considered  a  level  plain,  the  de- 
scent into  the  lake  being  balanced  by  the  ascent  out  of 
it*  Yet  it  is  admitted  that  the  glacier  did  move  over  tb^ 
distance^  since  en^tics  w^hich  can  be  traced  to  their 
source  on'  the  left  of  the  valley  below  Martigny  are  foimd 
near  that  city.     But  the  tuain  [wirt  of  the  glacier  curved 
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Toimd  to  the  right  across  the  Lake  of  Neufchatel,  and 
extended  at  leastas  far  as  Soleure,  a  distance  of  about 
90  miles.  (See  Map  at  fmge  128.)  To  do  this  it  must 
have  ascended  500  or  600  feet  to  the  country  around 
Fribourg,  and  before  reaching  Soleure  must  have  passed 
over  a  hill  300  or  400  feet  higher  Yet  on  the  flanks  of 
the  pJura  ab<:)ve  Soleure  there  are  erratics  which  have  been 
t*arried  on  the  surface  of  the  glacier  from  the  east  side  of 
the  valley  below  Martigny  ;  and  close  to  Soleure  itself  there 
are  remains  of  a  terminal  sub-glacial  moraine  of  compact 
'  Dulder-clay.     Sir  Chai*les  Lyell  describes  this  as — 

^ttnstmtified  iniwa  of  clay  or  nmd,  through  which  a  variety  of 
and  rubhtMl  stoncH  wore  aeatUjred,  and  a  timrkud  i)ro|K>rtioti 
I  whole  were  polishetl  and  scratched,  and  the  cUy  rundtjred  no 
or>fiipn^,  ftfi  if  hy  the  incumbent  pressure  of  a  gre/it  masB  of  ice,  that 
it  has  been  found  neceH^uiry  tti  VjIow  it  up  with  giinpfiwder  in  making 
railway  cuttings  through  [tart  of  it.  A  marblu  rock,  of  theagoof  iitir 
Portlaynd  a  tone  ^  on  which  thie  old  moraine  reat>a  has  ite  auxfaee 
polisbed  like  a  hx^kitt^-glaMf^,  diisplayiDg  beautifid  Bections  of  fossil 
sheUfl,  while  uccawionwlly,  hoHide-H  linur  «trifi\  thure  are  deep  recti- 
linear grtrfJve.H,  agreein|5  in  ilirectiuii  with  thu  c^iurHC  Jii  wliicli  the 
extinct  gHcier  moved  according  to  the  theiiry  of  M,  Guytjt  beforo 
cJtpUinad/'  * 


It  is  evident  that,  to  have  produced  such  efifecta  as  are 
Dre  described,  the  glacier  must  have  extended  much 
gyond  Soleure,  and  have  been  very  thick  even  there*  It 
I  us  proves  to  demonstration  that  a  glacier  m7i  travel  for 
.  100  mile-s  over  a  generally  level  country,  that  it  can  pass 
^Bver  hilk  and  valleys,  and  that,  even  near  its  termination, 
^H^  can  gT0ovL%  and  grind,  and  polish  roeks,  and  de}x»sit 
^fmrge  masses  of  hard  boulder-clay.  And  all  this  was  done 
^^Tr*  a  single  glacier  issuing  from  a  comparatively  narrow 
valley,  and  then  spreading  out  over  an  area  many  times 
eater  than  that  of  its  whole  previous  course.  In  this 
se  it  is  clear  that  such  a  vast  mass  of  ice,  constituting  a 
veritable  ice-aheet  on  a  small  scale,  could  not  have  derived 
its  motion  solely  from  the  push  given  to  it  by  the  parent 
glacier  at  St,  Maurice.  Neither  could  gravitation  dferived 
from  the  slope  of  the  ground  have  afifected  it,  for  it  paasad 

TAe  Antkpnty  of  Man  ^  4th  e^lition,  p.  349, 
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mostly  over  level  ground  or  up  slopes,  and  near  its  termi* 
nation  at  Sole  lire  the  ground  is  actually  nearly  200  feet 
higher  than  it  is  at  the  head  of  the  lake  of  Geneva.  There 
remains  as  a  cause  of  motion  only  the  slojie  of  the  upper 
surface  of  the  glacier,  the  ice  slowly  Howing  downwani, 
and,  by  nieana  of  its  tenacity  and  its  viscocity  on  a  largie 
scale,  dragging  its  lower  portion  still  more  slowly  over  the 
uneven  or  upward -si  oping  surface.  Thi^  mode  of  motion 
will  be  discussed  later  when  dealing  with  the  origin  of 
lake -basins. 

No  doubt  at  this  epoch  of  maximum  glaciation  the  ice- 
sheet  extended  over  the  whole  country  between  the 
Bernese  Alps  and  the  Jura,  and  the  downward  tiow  of  the 
lateral  glaciers  along  the  valley  of  the  Sarine,  Aare,  and 
other  rivers  flowing  towards  Soleure  greatly  iissisted  the 
general  onwaixl  motion.  But  the  fact  remains,  and  it 
cannot  be  too  strongly  insisted  on,  that  here  we  have  a 
veritable  ice-sheet  moving  over  hill  and  valley,  carrying 
on  its  surface  quantities  of  erratic  blocks,  rounding, 
striating,  and  polishing  the  rocks  over  which  it  passed, 
and  with  the  ruaterial  thus  crushed  and  grouncf  away 
forming  great  deposits  of  boukier-cky,  much  of  which 
still  remains,  although  enormous  quantities  must  have 
been  carried  away  by  the  rivera  to  the  lowlands  of  Europe 
and  to  the  st^a.  The  fact  is  therefore  tlemonstrated,  and  is 
implicitly  arlmitted  hj  the  most  conservative  of  glacialisis, 
that  in  this  case  an  ice -sheet  h^^  moved  onward  over  a 
hilly  plateau  for  more  than  100  miles,  even  when  its 
teiToinal  moraine  is  at  m  high  a  level  as  its  exit  from  the 
mountain  valley  whei*e  it  had  its  origin. 


Hrratics  in  Great  Britain. 

It  will  now  be  well  briefly  to  sket'Ch  the  distribution  of" 
erratic  blocks  in  Great  Britain,  and  the  conclusiomj  to  be 
drawn  from  them  as  to  the  former  existence  of  an  ice- 
sheet  under  which   the  gre^iter  part  of  our  islands  was 
buried. 

Every  mountain  group  north  of  the  Bristol  Channel  was 
a  centre  from  which,  in  the  earlier  and  later  phases  of  the 
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Ice  Age,  glaciers  radiated ;  but  maoy  facte  prove  that 
during  its  maximum  development  these  separate  gUicier 
systems  became  confluetit,  and  formed  extensive  ice- 
sheets  which  overflowed  into  the  Atlantic  Ocean  on 
the  west,  and  spread  far  <iver  the  Englii^h  lowlands  on 
the  east  and  south.  This  is  indicated  partly  by  the 
great  height  at  which  glacial  striie  are  found,  reaching 
to  2,500  feet  in  the  Lako  District  and  in  Ireland, 
s*jmewhat  higher  in  North  Wales,  and  in  Scotland  to 
nearly  3,500  feet;  but  alao  by  the  extmoniinary  distri- 
bution of  erratic  blocks,  many  of  whicli  can  be  trace<l 
to  localities  whence  they  could  only  have  been  brought 
acrtjss  the  sea.  The  direction  of  the  glacial  striie  and 
of  the  emootbid  side  of  ice-worn  roclts  also  indicate 
that  the  shallow  seas  were  all  filled  up  by  ice.  The 
Outer  Hebrides,  for  example,  are  all  ice-ground  from 
the  south-east  and  east,  showing  that  the  deep  channel 
of  the  Minch  was  filled  up,  and  that  the  Scot-ch  ice- 
sheet  flowed  completely  over  the  islands.  On  all  sides 
of  Ireland,  except  the  southern  coast*  the  ice  flowed 
putwardf  but  on  the  north-east  the  fiow  waa  diverted 
nth  ward,  and  on  the  extreme  north,  wcstwani,  by  the 
lire  of  the  overflowing  ice-sheet  of  Scotland  which 
re  encountered  it.  In  like  manner,  the  ice-niarks  on 
e  east  ct^ast  of  Ireland  and  the  west  coast  of  Wales  are 
verted  stiuthward  by  the  mutual  pressure  of  their  ice- 
eets,  which,  together  vvitli  that  of  the  west  of  Scotland, 
cd  up  St.  George's  Channel  That  such  was  the  case 
is  further  proved  by  the  fact  that  the  Isle  of  Man  is  ice- 
ground  in  a  general  direction  from  north  to  south,  and  to 
the  summit  of  its  loftiest  mountains  which  rise  to  a  height 
of  over  2,000  feut  This  could  only  have  been  done  by  an 
ice-sheet  flowing  over  it,  and  this  view  is  further  supported 
^ly  some  most  remarkable  facts  in  the  dispersiil  of  its  local 
tics.  These  are  always  found  to  the  south  of  the 
places  whore  they  occur  in  .nlUy  never  to  the  north  ;  and, 
what  is  still  more  noteworthy,  they  are  often  found  far 
above  the  native  rock.  Thus,  bouldei-s  of  the  peculiar 
Fi*xdale  granite  are  found  about  1,400  fe<tt  higher  than 
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the   highest  point  where   there   is   an   out-crop   of  this] 


rock. 


Scotch 


lefl 


sheet  flowed  oiit wards  on  all  side 
on  the  east  it  was  met  by  the  southward  extension 
great  Scandinavian  ice-sheet.     On  the  extrenie  north  the 
meeting  of  those  two  ice*sheets  resulted  in  a  flow  to  the 
north- west  which  glaciated  the  Orkney  Mands,  while  the 
Shetlands,  much  farther  north,  receivefl  the  full  impact  of 
the  Scandinavian  ice  alone,  and  are  therefore  glaciated  - 
tnmi  the  north-east.     The  dividing-line  of  the  Scotch  and  m 
Scandinavian  ice-sheets  was  in   the   North   Sea,  not  far  n 
from  the  east  coast  of  Scotland  ;  but  farther  south,  at 
Flamborough  Head  and  Holderness,  the  latter  impinged 
on    our  coiist.   bringing  with  it   enormous    quantities  of  ^ 
Scandinavian  rocks. 

Many  years  ago  Professor  Sedgw ick  described  the  cliS^I 
of  Ixjulder-clay  at  Holdemess  as  contiiining  *'an  incredible 
number  of  smooth  n:»und  blocks  of  gmnite,  gneiss,  green- 
stone, mica  slate,  &c.,  &c,,  resembling  none  of  the  rocks  of 
England,  but  reseuibling  specimens  derived  from  various j 
parts  of  the  great  Scandmavian  chain."    These  are  mixe  ' 
however,  with  a  number  of  British  rocks  from  the  nor 
and  west,  iodicatiog  the  meeting  ground  of  the  two  ma4 
verging  ice-sheets.    Similar  blocks  occur  all  along  the  coaaC_ 
as  far  as  the  clifts  of  Cromer  in  Norfolk.     Across  the 
peninsula  of  Flamborough  about  two  miles  west  of  the 
lighthouse  there  is  a  moraine  ridge  containing  a  fei 
Scandinavian  boulders,  but  mainly  composed  of  Britis' 
ri>cks.     These    latter  consist   of  nunieRJUS   carboniferous  1 
rocks  from  the  north  and  nurth-west,  together  with  many 
of   Shap  granite — a  jx-culiar  rock  found  only  on  Shap 
Fell  in  the  eastern  side  of   the  Lake  DLstriet,  together 
with   a   few  of  Galloway  gninite.     These    facts,   it    will  _ 
be    seen,   add    further    conlinnation    to    the    theory    of| 
great   contlui^nt  ice-sheet*^   indicated   by    the    ice- mark- 
mgs  ui>i3n  the  various  groups  of  raount^iLns,  while  it  is 
luip/lessly  impossible  to  explain  them  on  any  theory  of  J 
lt*eal  glacierSj  even  with  the  aid  of  submergence  and  oCj 
floating  ice« 
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The  photo-plate  here  given  (Fig  15)  shows  part  of  the 
~  It    terminal    moraine   of  the   Scandinavian    ice-sheet 
tig  oil  chalk  at  Spec  ton,  north  of  FlaniKi  rough  Head, 
fSO  feet  above  the  sea,  and  Mr.  Kendall  informs  me  that 
fbBs  found  ill  it  chamcteristic  Norse  rocks,  close  to  the 
imili  here  shown.    Other  portions  of  this  great  moraine 
aed  of  b<jiilder-clay,  with  numerous  embedded  ice-worn 
of  ♦Scnndinavian  origin  as  described  by  Professor 


Igwick,  are  seen  iii  the  cliffs  at  Thorn  wick.  Flam- 
Linnigh  Himd,  resting  on  chalk,  (see  Fig,  16  on  next  page)i 
nnn  a  beantifid  photograph  by  Mr.  Bingley;  and  the 
jue  gentleman  ha??  given  ine  the  fine  view  of  the  cliffs  of 
nilar  b^.>ukkr*cky  of  great  thickness  resting  on  inclined 
rsita  of  upper  oolitic  rocks  further  north,  which,  Mr 
L^ndall  infonas  me,  are  striated  from  the  nurth-eaat,  and 
itain  Seandinavian  erratics  (Fig*  17). 
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Aniiiher  phottigniph  (Fig.  18}  from  a  negative  lent  me 
by  Mr.  Kendall,  shows  a  boulder  of  rhomb-porphyrv 
found  farther  north  near  the  mouth  of  the  Tee.Sj  in  the 
boulder-clay  of  West  Rigg,  810  feet  above  the  »ea-leveL 
It  is  one  of  the  chamcteristic  Scandinavian  rocks 
found  over  a  large  area  round  the  head  of  Christiana 
Fiord,  Norway,  but  nowhere  in  the  British  Islands. 


Fit,    t>i.—A    mkltlfllikVlAV    l¥}VhliMrR   yxrVSl*   in   YClHItHKIKR. 


Perched  BlcekA 

I  may  here  notice  one  of  the  'many  intere^sting  phe- 
nomena that  are  only  to  be  explained  by  ice-carriago,  the 
frequent  presence  of  what  are  termed  perched  blocks  in  all 
glaciated  re^^ions.  They  consist  esj3ential!y  of  masses  of 
rock  in  positions  where  they  could  not  have  been  left  by 
any  other  agency.  The  first  of  these  (Fig.  19)  is  a  large 
and  rugged  boulder  of  Silurian  ^baly  rock  resting  upon 
carboniferous  limestone  on  the  Norber  mountain,  which 
forms  one  of  the  shoulders  of  Ingleborough.  The  diutinct- 
ness  of  the  erratic  from  the  n>cK  on  which  it  rests  is  well 
brought  out  in  the  photo -print. 


■     The  n€ 
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The  next  illustration  (Fig.  20)  shows  a  rcK^k  mass  poised 
on  the  very  edge  of  a  cliff,  in  the  pass  of  Llaiiberis,  a 
pijsition  it  could  hardly  have  reached  by  any  other  lat'ans 
than  ice -carriage. 

Two  other  figures,  from  Falsan's  Jja  F6t*iode  Gla^iaire, 
ehow  still  mortj  curious  positions.  The  first  (Fig.  21)  is 
one  of  the  gi-tuit  train  of  ernitics  near  Monthoy,  Bixs  Valais, 
over  500  feet  above  tht*  Rhone,  standing  on  end  ojMin  a 


ieap  of  smaller  blocks.  The  other  ia  a  mass  of  triassic 
'^^hreccia,  [>erched  on  the  top  of  two  other  blocks  partially 
buried,  and  ia  |>erhapvg  the  most  fantastic  work  of  the 
^^laeiers  yet  diseoveretL  Its  position,  five  miles  north- 
^Krest  of  Chanibc'ry,  is  now  over  1 60  miles  iVoux  the  nearest 
Klacier(Fig.  22), 

H  The  Tmching  of  British  Erraties, 

The  study  of  our  British  erratics  has  been  assiduously 
pursued  foE  many  years  past  by  a  committee  of  the  British 


I 
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Association;  and  bj  means  of  a  map  showing  the  chief 
facts  collected  up  to  this  date,  kindly  furnished  me  by 
Mr.  Percy  F.  Kendal,  secretary  of  the  committee,  I  am 
able  to  give  a  brief  sketch  of  the  more  important  of  the 
phenomena,  and  their  bearing  on  the  extent  and  motion 
of  the  Britbh  ice-sheet.  The  general  reader  may  be 
inforrae<i  that  great  numbers  of  rocks  are  so  local  and 
so  characteristic,  often  being  confined  to  a  very  limited 
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district  or  to  a  single  mountain^  that  the  origin  of  a  con- 
siderable portion  of  the  erratics  can  be  ascertained  with 

the  greatest  certainty. 

Taking  first  the  8 hap  granite,  which  has  already  been 
mentioned  as  occurring  at  Flamboroogh  Head,  we  find 
that  it  ha*  been  carried  northwards  as  tar  as  the  Solway 
Frith,  and  eastward  to  the  Eden  valley  in  great  quantity, 
and  over  a  wide  area.  Thence  can  be  traced  a  line  of 
boulders  of  this  rock  over  the  high  plateau  of  Stainmoor 
into  the  valley  of  the  Tees,  and  onward  round  the  coast 
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Scarborough  to  Holderne^s,  while  a  brauch  descends 

juthward  along  the  valley  of  the  Oiise  to  York.    Coming 

to  its  source  on  Shap  Fe!lt  a  tniiii  of  bimlders  of  the 
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same  rock  has  been  traced  southward  in  a  curving  line, 
pasBrng  the  east  side  of  Morecambe  Bay  near  Lancaster, 
and  thence  sparingly  south-eastwai'd  to  near  Whalley, 
Along  the  same  line  are  found  boulders  of  peculiar  granites 
from  Eskdale  and  Buttermere,  marking  the  line  of  junction 
of  the  northern  ice-sheet  with  that  which  filled  up  the 
Irish  Sea  and  pressed  inward  between  the  glaciers  of 
Cumberland  and  North  Wale^s,  This  is  indicated  by  the 
fact  that  south  of  this  line  arc  sc^ittered  immense  quanti- 
ties of  erratics,  both  from  the  south-west  of  Scotland  and 
the  Dike  District,  spreading  over  the  whole  of  the  low 
country  aa  far  as  Bridgnorth  and  Wolverhampton,  and 
eastward  to  the  Derbyshire  highlands.  These  same 
erratics  are  found  round  the  north  coasts  of  Wales  and 
part  of  Anglesea,  showing  how  the  ice-Hows  divided  on 
either  side  of  the  mountain  mass  of  North  Wales. 

Thr^  centre  of  the  great  glacier  sheet  of  North  WVles 
appears  to  have  been  over  the  Arenig  Mountains,  whence 
erratics  of  a  peculiar  volcanic  rock  have  been  traced  to  the 
nnrtrh  and  east,  mingling  with  the  last-described  group ; 
while  a  distinct  train  of  these  Welsh  erratics  stretches 
south-eastward  to  the  country  west  of  Birmingham, 

In  the  Isle  of  Man  are  found  many  erratics  from  Gallo- 
way, and  a  lew  from  the  Lake  District.  But  the  most 
remarkable  are  those  of  a  very  peculiar  rock  found  only  on 
Ailsa  Craig,  a  small  island  in  the  Frith  of  Clyde,  and  a 
single  boulder  of  a  peculiar  pitehstone  found  only  in  the 
Isle  of  Arran.  The  Ailsa  Craig  rock  has  also  been  found 
at  Moel  Tryfaen  on  the  west  side  of  Snowdon,  and  more 
recently  at  Killiney,  co.  Dublin,  on  the  seashore.* 

The  case  of  the  boulders  in  the  Isle  of  Man,  which  have 
been  carried  nearly  800  feet  above  their  soui'ce.has  alroady 
been  mentioned ;  but  there  are  many  other  examples  of 
this  phenomenon  in  our  islands,  and  as  they  are  of  great 
importance  in  regard  to  the  generail  theory  of  glacial 
motion  a  few  of  them  may  be  noted  here.  So  early  as 
1818  Mr.  Weaver  described  a  granite  block  on  the  top  of 
Cronebane,  a  slate  hill  in  Ireland,  and  several  hundred 
feet  higher  than  any  place  where  similar  granite  was 
^  ^*tiftir<^f  vol,  xlvii^y  p,  464, 
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be  found  in  sUu ;  and  he  also  noticed  several  deposits 
of  lime4^tone  gfavel  in  places  from  300  to  400  feet  higher 
than  the  beds  of  limestone  rock  which  are  from  two  to  ten 
miles  off  Dt^ris  of  red  sandstone  is  also  found  much 
higher  than  the  jiarent  rock.  Boulders  of  Shap  gmnite, 
~lr.  Kendal  tells  us,  have  passed  over  Stainmoor  oy  tens 
f  thousands,  and  in  doing  so  have  been  carried  about  200 
feet  above  their  source;  and  the  curious  Permian  rock, 
•*  Brockram/'  has  been  carried  in  the  same  direction  no 
less  than  1,000  feet  higher  than  its  highest  {xnnt  of  origin.^ 
In  Scandinavia  there  are  still  more  striking  examples, 
erratic  blocks  having  been  found  at  an  elevation  of  4,500 
feet,  which  could  not  possibly  have  come  from  any  place 
"  igher  than  1,800  feet.^  We  thus  find  clear  and  absolute 
emonstration  of  glacier-ice  moving  up*hitl  and  dmgging 

ith  it  rocks  from  lower  levels  to'  elevations  varying  fnxii 
200  to  S.'ZOO  feet  above  their  origin. 

These  facts  have  seemed  so  increflible  that  many  geolo- 
gists think  that  they  throw  doubt  on  the  whole  theory  of 
a  glacial  epoch  of  the  extent  and  nature  of  that  indicated 
by  the  phenomena  here  described  ;  while  others,  finding  no 
such  upward  motion  in  any  of  the  existing  Hwi^  glaciers, 
deny  that  any  glaciers^  however  large,  can  have  produced 
such  effects.  But  recent  researches  in  Greenland  and 
Spitzbergen  have  shown  us  exactly  how  such  elevations  of 
rocks  and  moraine-matter  do  actually  occur.  Wherever 
ridges  or  isolated  rocks  rise  above  the  surface  of  the  ice- 
sheet  across  the  direction  of  its  motion,  the  roc^k-dtSbris 
that  is  embedded  in  its  lower  strata  is  gratiually  brought 
up  and  depositee!  on  the  surface.  (See  Q*  JonTnal  Geoloff. 
Soc.,  Nov.,  1899,  p.  684,  where  Mr,  E.  J,  Garwood  describes 
this  phenomenon  as  observed  by  himself  in  Spitzbergen.) 

We  see  then  that  the  iee-sheeta  of  the  British  Isles,  of 
Scandinavia,  and  of  North  America  exhibit  the  very  same 
characteristics  as  those  of  Switzerland,  but  on  a  larger 
scale ;  while  they  exhibit  other  phenomena  which  are  now 
only  to  be  paralleled  in  the  great  ice-sheets  under  which 
Greenland  and  Spitscbc^rgen  are  now  largely  buried*     W© 


'  Wright's  Man  ami  the  Olacial  Period^  p.  154. 
>  Jftmea  Ueikie's  Ur^at  Jc^  A^t  2nd  ed.^  p,  404* 
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may  not  be  yet  able  to  explain  fully  how  a  glacier  thus 
moves,  or  what  slope  of  the  upper  surface  is  required 
in  order  that  the  bottom  of  the  ice  may  be  furctd  up 
a  given  ascent,  but  the  fact  of  such  motion  cannot  any 
longer  be  denied. 

The  facts  thus  established  by  directed  observation  of 
existing  ice-sheetSj  render  it  more  easy  for  us  to  accept  one 
of  the  latest  conclusions  of  British  glacialists.  A  great 
submergence  of  a  large  portion  of  the  British  Isles  during 
the  glacial  period,  or  in  the  interval  between  successive 
phases  of  the  glacial  |ieriod,  has  long  been  accepted  by 
geologists,  and  maps  have  been  often  published  whowing 
the  small  group  of  islands  to  which  our  country  was  then 
reduced,  the  supposed  subsidence  being  about  1,400  feet. 
The  evidence  ibr  this  is  the  occuiTence,  at  a  few  isolated 
spots,  of  glacial  gmvels  containing  marine  shells  in  t^ilerable 
abundance,  the  most  celebrated  being  at  Moel  Tryfaen  on 
the  west  side  of  Snowdoii,  at  a  height  of  more  than  1,300 
feet.  Shel  Shearing  drifts  have  also  been  found  near 
Macclesfield  at  a  height  of  over  1,100  feet*  and  to  the  east 
of  Manchester  at  between  500  and  600  feet  elevation. 
Others  have  since  been  found  on  Gloppa,  a  hill  near 
Oswestry.  The  fact  that  the  shell -bearing  gravels  of  Moel 
Tryfaen  are  nearlj^  40  feet  thick  shows  that,  if  they  are  due 
to  submergence,  the  land  must  have  remained  nearly 
stationaty  at  that  level  for  a  considerable  period  of  time* 
and  there  would  pmbably  be  other  stationary  periods  at 
lower  levels.  Yet  nowhere  in  the  valleys  or  on  the  hill 
slopes  of  Wales,  or  the  Ijake  District,  or  in  the  English 
lowlands  are  there  any  of  the  old  beaches  or  sea  clifls,  or 
marine  deposits  of  any  kind,  that  must  have  been  formed 
during  such  a  long  continued  submersion,  and  which  can 
hardly  have  been  everywhere  cleared  away  by  subsequent 
glaciation.  Another  difficulty  is,  that  the  sht'lls  of  these 
drifts  are  such  as  could  not  have  lived  together  on  one 
spot,  some  being  northern  species,  others  southern,  some 
frequenting  sandy  others  muddy  bottoms,  some  which  live 
only  below  tidal  water,  while  others  are  shore  species.  And» 
lastly,  they  are  very  fragmentary,  only  a  small  percentage 
of  entire  shells  being  found. 
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In  consequence  of  these  various  difficulties  it  was  sug- 
gested by  the  late  Mr.  Belt  timt  the  great  Irish  Sea  ice- 
sheet  hiuj  can'ied  up  a  portion  of  the  sea-bo t torn  em* 
bedded  in  its  subatance,  perhaps  containing  deposits  of 
^helLs  of  various  periods  and  thus  explaining  the  inter- 
mixture of  species  tm  well  as  their  fragmentary  condition. 
The  fact  that  Ixjuldem  and  pebbles^  fTORi  Scotland,  Ailsa 
Craig,  and  Cumberland  have  been  found  in  the  Moel 
Tryliien  bedsaltuost  amoiuita  to  a  proof  that  they  were  so 
uplifted  ;  and  a  recent  search  has  shown  that  in  the  other 
hicalities  where  marine  shells  have  V)een  found  in  drift  at 
great  elevations  similar  foreign  rt»cks  occur,  rendering  it 
almiist  certain  that  the  wame  ice-sheets  which  have 
distributed  foreign  erratics  so  wulely  over  our  country,  and 
which  in  doing  no  mus^  have  passed  over  the  sea-bottom, 
have  in  a  few  cases  earned  with  them  a  portion  of  that 
sea- bottom,  and  deimsitcd  it  with  the  eiTatics  in  the  places 
where  buth  are  now  found,  A  full  fliwcua^ion  of  thiy  point, 
with  replies  to  varitiiis  objections^  by  Mr.  R  F.  KemJal, 
wiil  be  found  in  the  volume  already  ijut»ted ;  and  he  has 
recently  adduced  a  fresh  argument  against  "  the  great 
submergence"  in  the  tiict  that,  if  it  ever  occurred,  our  low- 
lands must  for  a  long  time  have  formed  the  bottom  of  a 
sea  200  fathoms  deep,  yet  ntit  a  single  shell  characteristic 
of  that  depth  has  yet  btton  discovered  in  the  drift ^  The 
cunin  lative evidence  against  the  submergence  is  now  ahnost, 
if  not  quite,  conclusive. 

In  the  brief  outline  now  given  of  the  facts  of  glacial 
geology  bearing  up<3n  the  former  existence,  the  thickness, 
eat  tent,  and  motion  of  lee -sheets,  it  has  only  been  possible 
t^^j  treat  the  subject  very  broadly,  omitting  allthoc^e  details 
and  mintir  diBieulties  which  cannot  be  discussed  within  the 
limits  of  a  fwipular  exposition.  My  object  has  been  to  ex* 
f>lain  the  nature  and  amount  of  the  converging  evidence 
demonstrating  the  existence  of  enormous  ice^sheets  in  the 
northern  hemisphere,  to  serve  as  a  basis  for  the  discussion 
of  the  glacial  origin  of  certain  classes  of  lake-basins,  which 
will  fenn  the  subject  uf  the  following  eha(>ten 

'  Wrights    Mfiii    and    fhr.    (ihtHai    ptrlmi^    pp.     Hi7     17.^.       A  Ism  J 
O^i^ogii-Til  Mnfjftziftt,  Nm^euiWr,  IHlt*2,  ]jp   401— fiUO, 
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IL      EROSION   OF   LAKE   BASINS 

XiAKES  are  distributed  very  unequally  over  the  various 
parts  of  the  world,  and  they  aUso  differ  much  in  their  position 
in  relation  to  other  physical  peculiarifcies  of  the  surface. 
Most  of  tht?  great  continents  have  a  considerable  number 
of  takes,  many  of  great  size  and  situated  on  plateaux  or  in 
central  basins  ■  while  the  northern  ^larts  of  Europe  and 
North  America  are  thickly  strewn  with  lakes  of  various 
dimensions!  some  on  the  plains,  others  in  subalpine  valleys, 
othe!"s  again  high  up  among  the  mountains,  these  latter 
being  of  small  size  and  usually  Ciilled  tarns.  The  three 
classes  of  lakes  last  mentioned  occur  in  the  greatest  pro- 
fusion in  giaciatefl  districts,  while  thc^y  are  almost  absent 
elsewhere;  and  it  was  this  peculiarity  of  general  distribu- 
tion, together  with  the  observation  that  all  the  valley 
lakes  of  Switzerland  and  of  our  own  country  occurred  in  the 
track  of  the  old  glaciers,  and  in  situations  where  the  erosive 
power  of  the  ice  would  tend  to  fonn  rock-closed  basing, 
that  ap|>ears  to  have  led  the  late  Sir  Andrew  Ramsay  to 
formulate  his  theory  of  ice-erosion  to  explain  them.  He 
was  further  greatly  influenced  by  the  extreme  difficulty 
or  complete  inadequacy  of  any  passible  alternative  theory 
—a  dimculty  which  we  shall  see  remains  as  great  now  as  at 
the  time  he  wrote. 

This  question  of  the  origin  of  the  lake-basins  of  the 
glaciated  regions  is  especially  interesting  on  account  of  the 
extreme  divergence  of  opinion  that  still  prevails  on  the 
subject.     While  the  general  focts  of  glaciation,  the  extent 
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nd  thickness  of  the  old  glaciers  and  ice-sheet«,  and  the 
work  they  did  in  distributing  huge  erratics  many  hundred 
luiles  from  their  sources  and  in  covering  thousands  of 
square  miles  of  country  with  thick  layers  of  bouldcir-clay 
and  drift,  are  all  atinxitted  as  beyond  dispute,  geologists 
are  still  divided  into  two  hostile  camps  when  the  origin  of 
Jake- basins  is  concemed  ;  and  the  opposing  forces  seem  to 
be  appro3tiniatoly  equaL  Having  for  many  years  given 
much  attention  to  this  problem,  which  has  hml  for  me  a 
kind  of  fascination,  I  am  convinced  that  the  evidence  in 
favour  of  glaciation  has  not  been  set  forth  in  all  its 
umulative  force,  while  many  of  the  arguments  against  it 
m  to  me  to  be  either  illogical  or  beside  the  point  at 
I  have  also  to  adduce  certain  considerations  which 
e  hitherto  been  overlooked,  but  which  appear  tome  to 
aflPord  very  strong,  if  not  conclusive  evidence  for  erosion 
as  against  any  alternative  theory  yet  proposed.  I  shall, 
therefore,  first  set  forth,  as  fully  as  the  space  at  my  com- 
mand wilt  allow,  the  general  evidence  in  favom*  of  the  ice- 
origio  of  certain  classes  of  lakes,  and  the  special  conditioiis 
requisite  for  the  production  of  lakes  by  this  agency.  The 
objections  of  the  best  authorities  will  then  be  considered 
and  replied  to,  and  the  extreme  difficulties  of  the  alter- 
ative theories  will  be  pointed  out.  I  shall  then  describe 
certain  peculiarities,  hitherto  unnoticed,  which  clearly 
point  to  erosion,  as  opposed  to  any  form  of  subsidence  or 
upheaval,  in  the  formation  of  the  lakes  in  question.  Lastly, 
tne  special  case  of  the  Lake  of  Geneva  will  be  discussed, 
as  affoitHng  a  battle-ground  that  will  be  admitted  to  be 
highly  iavourablc  to  the  anti-glacialists,  since  most  of 
theni  have  adduced  it  as  being  entirely  beyond  the  powers 
of  the  ancient  glaciers  to  have  produced. 
I  L  The  differerU  kinds  of  LaJcc^  arid  i'heir  distrihution. — 
To  clear  the  grtund  at  the  outset,  it  may  be  well  to  state 
that  the  great  plateau  lakes  of  various  parts  of  the  world 
have  no  aoubt  been  formed  by  some  kind  of  earth  move- 
ments occurring  subsequent  to  the  upheaval  and  partial 
denudation  of  the  country.  It  is  imiversally  adnntted 
that  existing  lakes  cannot  be  very  ancient,  geologically 
speaking,  since  they  would  inevitably  be  filled  up  by  the 
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sediment  carried  into  them  by  the  streams  and  by  the 
wind.  Our  lakes  must,  therefore,  be  quite  mcidem  features 
of  the  earth's  surface.  A  considerable  proportion  of  these 
plateau  lakes  are  in  regions  of  little  rainfall,  and  many  of 
them  have  no  outlet.  The  latter  circumstance  is  a  conse- 
quence of  the  former^  since  it  indicates  that  evaporation 
either  balances  or  exceeds  the  inflow.  This  would  have 
favoured  the  fomiation  of  such  lakes,  since  it  would  have 
prevented  the  overflow  of  the  water  from  the  slight  huHow 
first  formed  and  the  cutting  of  an  outlet  gorge  which  would 
empty  the  incipient  lake.  Captain  Dutfcon,  in  his  account 
of  the  geology  of  the  ttrand  Canon  district,  lays  stress  on 
this  fact,  "  that  the  elevation  of  a  platform  across  the 
tract  of  a  river  rarely  diverts  it  from  its  course,  for  the 
stream  saws  its  bed  into  the  rocks  as  fast  as  the  obstacle 
riae-s."  Scanty  rainfall  and  great  evajioration  seem  there- 
fore to  be  almost  essential  to  the  formation  of  the  larger 
plateau  lakes.  Rarely,  such  lakes  may  have  been  formed 
in  compamtively  well-watered  districts,  but  the  earth -mo  ve- 
ments  must  in  these  cases  have  been  exceptionally  rapid 
and  extensive,  and  they  are  accordingly  found  most  often 
in  countries  subject  to  volcanic  disturbances.  Such  are  the 
lakes  of  Houthern  Italy,  of  Macedonia,  of  Asia  Minor,  and 
perhaps  those  of  Centnil  Africa. 

Quite  distinct  ft-oni  these  are  the  sub-alpine  lakes  of 
those  mountain  groups  which  have  been  subject  to  extreme 
glaciation.  These  are  ehaructoristically  valley-lakes,  occurr- 
ing in  the  lower  j^Kjrtiuns  of  the  valleys  which  have  l>een  the 
beus  of  enormous  glaciers,  their  frequency,  their  size,  and 
their  depth  bearing  some  relation  to  the  form  and  slojw  of 
the  valleys  and  the  intensity  of  the  glaciation  to  which  they 
have  been  subject.  In  our  own  country  we  have  in  Wales 
a  small  number  of  valley-lakes ;  in  the  Lake  District,  where 
the  ice  sheet  can  be  proved  to  have  been  much  thicker  and 
to  have  lasted  longer,  we  have  more  numerous,  larger,  and 
deeper  lakes;  and  in  Scotland,  still  more  severely  glaciated, 
the  lakes  are  yet  more  numerous,  many  of  those  in  the  west 
opening  out  to  the  sea  and  forming  the  lochs  and  sounds 
of  the  W^estem  Highlands.  Coming  to  Switzerland  which, 
nsi  we  have  seen,  Wars  indications  of  glneintioM  un  a  most 
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jigantic  Bcale,  we  finrl  a  grand  series  of  valley-lakes  both 
&n  the  north  and  south  o\  the  Alfks.  situated  for  the  most 
nrt  in  the  tracks  of  those  enonnoiis  giaeiern  who^e  fornier 
stenee  and  great  development  is  ch^arly  proved  hy  the 
moraines  of  Northern  Italy  and  the  travelled  bhick** 
SwitsEerland  and  France,  In  Scandinavia,  where  the 
lice-age  reigned  longest  and  with  greatest t  [unver,  lakes 
laboiind  in  almost  all  the  valleys  of  the  eastern  slope,  whih* 
Ion  the  wei^l  the  fiords  or  submerged  lakes  are  equally 
f  ch  aracterist  i  c* 

In  North  America,  to  the  south  of  the  St.  Lawrence 
River  and  of  Lakes  Ontario  and  Erie,  there  are  numbers 
lof  true  valley -hike.s,  oa  there  are  also  in  Canada,  besides 
inumenible  others  scattered  over  the  opt^n  countrj^, 
specially  in  the  north,  wbt-re  the  ice-sheet  must  havu  bei*n 
fchickc^fit  aUfl  have  lingered  longest.  And  in  the  southern 
lieiui^phere  we  have,  in  New  Z(ja!and,  a  reprtxlucfcion  of 
these  phenomena — a  grand  niounUiin-ninge  with  existing 
jlaciers,  indications  that  these  glaciers  were  ircently  much 
more  extensive,  a  series  of  fine  valley-lakes  forming  a  true 
lake  district,  rivalling  that  of  Switzerland  in  extent  and 
eauty,  with  fiords  on  the  gtouth-west  coast  coni[)arable  with 
those  of  Norway. 

Bei!iides  these  valloy-lakeij  there  are  two  other  kinds  of 
ik<^s  alwiiys  found  in  j^trongly  glaciated  regions.  These 
irc*  alpine  tarns— small  lakes  occurring  at  high  elevations 
ind  very  often  at  the  heads  of  valleys  u ruler  lofty  preci- 
;iict*s;  and  small  or  largo  plateau  ar  tow- level  lakes  which 
ecu  r  literally  by  thousands  in  Northern  Canada,  in  Sweden, 
Finland,  Lapland,  and  North-westeni  Russia.  The  valley- 
ikes  and  the  alpine  tairns  are  admitted  by  all  geologists  to 
mostly  true  nx^k-biisins,  though  some  arc  partially  and 
»thet^  wholly  dammed  up  by  moraines  or  by  land-slii>H  ; 
rhile  the  plateau  antl  luw-country  lakt's  are  otlen  mere 
lloIlow^*9  in  the  drift  with  which  much  uf  the  country  is 
jvered.  though  R)ck- basins  are  also  not  nnfi*equent. 
Here,  then,  we  see  a  remarkable  association  of  hikes  of 
vaiious  kinds  with  highly  glaciated  regions.  The  cpiestion 
vs  whether  there  is  any  rehition  of  cause  and  effect  in  the 
siation  ;  and  to  determgg:jhb  wa^^nst  Uikc  a  rapid 
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survey  of  other  mountain  regions  where  indications  of  ice* 
action  are  conijKim lively  flight  or  altogether  wanting,  and" 
see  whether  similar  lakes  occur  there  also.  The  comparison 
will,  I  think,  [irove  very  instructive, 

Sptiin  and  Portugal  arc  pre-eminently  mountainous 
countries,  them  being  a  succci^yion  of  distinct  ranges  and 
isolated  mountain  grou[>s  from  east  to  westiind  from  north 
to  south  ;  yet  there  is  not  a  single  valley-lake  in  the  whole 
peninsula,  hut  very  few  mountain  tarns,  Sardinia  aiiiJ 
Corsica  are  wholly  mountainouSj  but  they  do  not  appear  to 
posseiis  a  single  va!  ley-lake.  Nor  does  the  whole  n\nge  of 
the  Apennines,  though  there  are  many  large  plateau  lakes 
in  Southern  Italy.  Farther  south  we  have  the  lofty  Atlas 
Mountains,  but  giving  rise  to  no  subalpinc  valley-lakes. 
The  innumerable  mountains  and  valleys  of  Asia  Minor 
have  no  lakes  but  those  of  the  plateaux  ;  neither  has  the 
gmml  range  of  the  Lebanon,  a  hundred  miles  long,  and 
giving  rise  to  an  abundance  of  rivers.  Turning  to  the 
peninsula  of  India  we  have  the  i-angesof  the  Ghauts, eight 
hundrefl  miles  Jong,  the  mountain  mass  of  the  Neilghemes  I 
ami  that  of  Ceylon,  all  without  such  lakes  as  wo  arc  seeking,  " 
though  Ce3lon  has  a  few  plateau  lakes  in  the  north. 
The  Hama  phenomenon  meets  us  in  South  Africa  and 
Madagosciir — abundance  of  mountiiins  and  rivers,  but  no 
valley- lakes.  In  Australia,  again,  tho  whole  great  range 
of  mountains  from  the  uplands  of  Vietoria,  through  New 
South  Wales  and  Queensland  to  the  peninsula  of  Cape  I 
York,  has  not  a  single  tnie  valley-lake,  Turning  now  ■ 
to  the  New  World,  we  find  no  valley-lake^^  in  the  southern 
Alleghanics,  while  the  grand  mounUvins  of  Mexico  and 
Central  Ameriea  have  a  few  plateau  lakes,  but  none  of  the 
class  we  are  seeking.  The  extremely  mountainous  islands 
of  the  W^est  Indies — Cubi,  Hayti,  and  Jamaica — are 
equally  deficient,  although  there  is  evidence  of  both 
uphi*aval  and  fleprussion,  in  times  which  are  gcologieally 
reet*n  L.  In  South  An» erica  we  ha\'e  un  the  eiKst  the  two  great 
mounkiin  Hy.stenis  of  Guiana  and  Brazil,  furn»vved  with 
valleys  and  rich  in  mounUiin  streams,  but  none  of  these  are 
adorned  with  lakes.  And,  lastly,  the  gmnd  mnges  of  the 
equatorial  Andes,  for  ten  degi'ees  on  each   side  of  the 
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Equator,  |jroduce  only  a  few  sraall  lakes  on  the  high 
plateaux,  and  a  few  in  the  great  lowland  river  plains — 
pmbably  the  sites  of  old  nver  chamielj^^but  no  valley 
lakes  in  any  way  couipiirable  with  thuse  of  Hwitzerlautl  or 
even  of  our  own  insigiiLticaut  inountiuns. 

Having  thus  roughly  surveyed  the  chief  mountain 
regions  of  the  whole  world,  we  find  that  true  subiilpine 
valley -lakes,  that  b,  lakes  in  the  lower  parts  of  the  valleys 
deijccnding  from  mountain  ranges  or  groups,  filling  up 
those  valleys  for  a  considerable  distanec,  usually  very  deep, 
and  situat4}d  in  true  rock-basins — ^that  such  lakes  as  these 
are  absolutely  unknown  anywhere  but  in  those  mountain 
rt^gions  w^hich  independent  evidence  shows  to  have  been 
subject  to  enormous  and  long-continued  giaciation.  No 
writer  that  I  am  acquainted  with  hiis  laid  sufficient  stress 
on  this  really  marvellous  fact  of  lake-distribution.  Pro* 
feasor  Booncy  passes  it  by  with  the  remark,  that  there  is 
a  perfect  gnulation  of  lakes,  fiom  the  smallest  tarns  to 
those  of  North  America  antl  Central  Africa ;  and  Mr. 
Douglas  Fresh  field  Sixys,  that,  wherever  on  the  surface  of 
our  globe  there  are  heights  there  uiust  be  hollows;  and 
other  writers  think  that  lakes  are  geneml  results  of  the 
process  of  moim tain-making.  But  none  of  those  writers 
have  apparently  oven  noticed  the  fact,  that  glacier  valley- 
lakes  have  a  dL^itinctive  character  which  separates  them 
brotifJly  I'runi  the  lakes  of  all  non -glaciated  countries,  and 
that  thoy  are  totally  absent  from  such  countries. 

But  besides  the  Dioun tains  which  possess  true  valley- 
'tes,  there  are  a  nunllx^r  of  ranges  which  have  been 
jiat^iid  yet  do  not  possess  them,  and  this  absence  of 
lakes  has  been  used  tiB  an  argument  against  the  connection 
of  valley-lakes  with  giaciation.  A  Uttlc  examination ^ 
however,  shows  us  that  these  Ciises  greatly  strengthen  our 
argument.  Compiratively  targe  and  tleep  valley-lakes 
are  the  result  of  excessive  giaciation,  which  has  occurreil 
only  when  conditions  of  latitude,  altitude,  and  moisture 
combined  to  produce  it.  In  regions  where  giaciation  was 
tif  dimLnishecf  inteusily,  from  whatever  causes*  valley-lakes 
diminish  in  size  and  number,  till  at  last  only  tarns  are 
found    in    niodemtely    glaciated    districts.       Thus,    the 
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Pyrenees  were  far  less  severely  glaciated  than  iho  Alps; 
they  consequently  possess  no  large  valley-lakes,  birt 
numerous  sirmll  high  lakes  and  tarns.  As  we  go  eastward 
in  the  Alps,  the  diminished  niin  and  sntjw-fall  led  to  less 
severe  glaciation,  and  wo  find  the  valloy-lakei?  diminish  in 
size  and  numbers  till  far  east  we  have  only  tarns.  The 
Carjmthiany  have  no  valley-lakes,  but  many  tarns.  The 
Caucasus  has  no  lakes^  and  veiy  few  tarnsj  and  this  may 
be  [lartly  due  to  the  steepness  of  the  valleys^  a  feature 
which  is,  as  we  shall  see,  unfavoumble  to  lake  formation. 
In  the  South  Island  of  New  Zealand  the  lakes  are  small 
in  the  north,  but  increase  in  size  and  number  as  we  go 
south,  where  the  glaeiation  was  more  intense.  These 
numerous  facts,  derived  from  a  survey  of  the  chief  moun- 
tains of  the  world,  are  amply  sufficient  t4:»  show  that  there 
nuist  be  some  causal  connection  between  glaeiation  and 
these  special  types  of  lakes.  What  the  connection  is  we 
shall  intjuire  later  on. 

2.  T/w  Conditio7i^  thftfaimir  the  Pi*cditeHo7i  of  Lttkcs  hj 
la-crosum.—'Vtwse  who  oppose  the  production  of  lake* 
basins  by  ice -erosion  often  argue  as  if  the  size  of  the 
glacier  was  the  only  fjM:tor,  and  urge  that,  because  there 
are  ni>  lake-basins  in  one  valley  where  large  glaciers  have 
been  at  work,  those  which  exist  in  another  valley  where 
the  glaciers  were  no  larger,  could  not  have  been  proflucefl 
by  them.  But  this  by  no  means  follows,  because  the  pri)- 
duction  of  a  lake* basin  depends  on  a  combination  of 
favourable  conditions.  In  the  first  place  it  is  evident  that 
ice -erosion  to  some  extent  must  have  taken  place  along 
the  whole  length  of  the  glacier's  course,  and  that  in  many 
cases  the  result  might  be  simply  to  deepen  the  valley  all 
along,  not  liuite  eiinally,  perhaps,  but  with  no  such  ex- 
treme diflerenees  as  to  produce  a  lake-baj&in.  This  would 
esi>ecially  be  the  case  if  a  valley  had  a  considend.>le  down- 
wai'd  sloiH.%  anil  was  not  very  uru'(|ual  in  width  or  in  the 
nature  of  the  rocks  ftunjing  its  floor.  Thi*  first  essential 
to  lake-erosion  is,  therefori?,  a  difierential  action,  caused 
locally  either  by  inertiased  thickness  uf  the  ice,  a  more 
open  and  level  valley-tiLK)r,  or  a  more  easily  eroded  rock, 
or  by  any  combination  of  these. 
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If  we  Io<:ik  rit  the  vuIloy-liikeM  uf  oui*  own  eounfcry  and  of 
SwiUerlainl,  the  Hi'st  ihiiig  that  Btrikes  ii8  is  their  great 
length,  and  their  aitimtion,  usually  at  the  lower  end  uf  the 
valley  wht^re  it  emergt\H  from  the  higher  numn tains  into 
col  n  par*  1 1  i  ve  ly  1  *  J  w  eon  n  t  ry .  Wind  u  r  me  re  is  over  ten  mi  les 
ng,  Ull^wnter  nearly  eight  tiiilcs,  and  the  krg<?r  lakes  of 
witzeriand  and  North  Italy  are  very  nuieh  longer.  The 
rst  e.ssential  condition,  therefore,  was  a  valley,  the  lower 
'part  of  which  imj$  aLrmlii  nearly  Uvelfm*  sticral  rmles,  and 
with  a  considerable  width  to  the  base  of  the  mountain 
lopes.  In  the  non-glaciated  districts  of  our  own  country, 
be  ttirtand  theTamar  are  examples  of  rivers  which  have 
lilt  their  valleys  down  nearly  to  si-a-level  while  still  ajoong 
be  hiiis ;  and  in  South  W'ales  the  Wye,  the  Usk,  and  the 
Severn  have  a  similar  character. 

It  mUHt  always  be  renienibered  that  glacial  erosion  is 
prtxlnced  by  the  trenienrlous  vertical  press nn>  of  the  ice, 
by  its  lower  stratji  being  thickly  lofuled  with  haitl  rocks 
frossen  into  its  mass,  and  by  its  slow  but  eontinumis  grind- 
ing motion  over  its  bed.     In  the  lower  pirt  of  its  course  a 
ghMiiier  would  be  most  charged  with   rocky  debris  in  its 
under  straUi, sinc4i  not  only  would  it  have  been  continually 
"  reaking  otl"  and  absorbing,  as   it  were,   fresli  material 
nriiig   every  mile  of  its  tinwaix]  course,  but  more  and 
ore  of   its  superficial  morainc^s   would  be  enguHkl  by 
vasseis  or  meu/mf,  and  be  added  t4>  the  grinding  material 
low.     That  this  was  so  is  provefl  by  the  great  quantity 
stones  and  grit  in  the  "  till,"  which  is  thought  by  Pi^o- 
ssor  James  Geikie  to  consist,  on  the  avemge,  of  as  much 
stony  matter  as  clay,  sornetimes  one  material  preponderat- 
ing, sometimes  the  other.     The  same  thing  is  indicated 
the  enonnous  amount  of  debris  often  found  upon  the 
urface  of  the  lower  jxirtions  of  laige  glaciers.     The  end 
f  the  great  Tasman  glacier  in  New  Zealand  is  thus  com- 
ic tely  hidden  fur  Hve  miles,  and  nit>st  of  the  other  glaciers 
ascending  from  Mount  C^M^k  have  their  extmmities  siini- 
ly   buried  in  debris.      Ur.    Dicner  found   the   Milam 
lacier  in  the  Central  Himalayas  completely  covered  with 
moraine  rubbish ;  and  Mr.  W.  M.  Conway  states  that  the 
lowest  twenty  miles  of  the  Hispar  glacier  (fort-y  mik»s 
lung)  are  "entirely  covered  with  a  mantle  of  moraine,"     If 
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the^se  glaciers  extended  to  over  a  hundred  miles  loug,  as 
did  the  Rhone  glacier  when  it  renched  the  Lake  of  Geneva^ 
iiiuch  of  this  deln-i^  would  prohiibly  have  found  it8  way  to 
the  bottom j  and  thuj^  ^^ipPb'  ^^^^*  necessary  grinding 
material  anrl  the  abundant  stone*?  of  the  *'  till  '*  or  sub- 
glacial  momine-stuff,  found  everywhere  in  the  tracks  of  the 
old  glaciei's. 

Again,  although  ice  is  viscous  and  can  slowly  change  its 
shape  to  almost  any  extent,  yet  it  takes  a  considerable  time 
to  adapt  itself  Uy  the  continually  changing  outlines  of  a 
valley  bottom.  Hence,  where  great  ine<pialities  <>ccur 
portions  of  the  rocky  Hoor  might  be  bridged  over  for  a  con- 
i^idemble  space,  and  Avhere  a  valley  had  a  narrow  V-shaped 
bottom  the  sub-glacial  stream  might  oat  away  so  much  of 
the  ice  that  the  glacier  might  rest  wholly  on  the  lateral 
slopes,  and  hanity  touch  the  bottom  at  all.  On  a  tolerably 
wide  and  level  valley-bottom,  however,  the  ice  would  press 
downwards  with  its  fullest  intensity,  and  its  armature  of 
densely  packed  stones  and  rock -fragments  would  groove 
and  grind  the  rocky  floor  over  every  foot  of  its  sui'fiice,  and 
with  a  mte  of  motion  perhaps  greater  than  that  of  the 
existing  Greenland  and  Alaskan  glaciers,  owing  U:>  the 
more  southern  latitude  and  therefore  higher  mean  tem- 
perature of  the  soil  and  the  ice»  At  the  same  time 
a  u  h  -gl  ac  i  al  s  t  rea  m  s ,  sotu  e  tim  es  forced  on  ward  u  nd  e  r  by  d  r o- 
static  pressure,  would  insinuate  themselves  into  every 
vac^int  groove  and  furmw^  as  each  graving  tool  succes- 
sively passed  on  and  the  one  behind  it  took  a  slightly 
different  position  ;  and  thus  the  glacial  mud,  the  priiduct 
of  the  erosion,  woidfl  be  continually  washed  away,  finally 
escaping  at  the  lower  extremity  of  the  glacier,  or  in  some 
cases  getting  embayed  in  rocky  hollows  where  it  might 
remain  permanently  as  masses  of  clayey  **  till,"  packed 
with  stones  and  compressed  by  the  weight  of  the  ice  to 
the  hardiness  of  rock  itself  The  continual  lubriciition  of 
the  w^hole  valley  floor  by  water,  together  wnth  the  ever- 
e hanging  form  of  the  under  surface  of  the  glacier  as  it 
slowly  moulded  itself  to  the  varying  contours  of  the  rocks 
beneath,  would  greatly  facilitate  the  onwanl  motion. 
Owing  t<:r  these  changes  of  form  and  the  gi-eat  upward 
pressure  of  the  water  in  all  the  hollows  to  which  it  gained 
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acce^,  ifc  seems  pmbablo  that  at  any  one 
time  not  more  than  half  the  entire  bott^^Jin 
surface  of  the  glacier  would  be  in  actual 
contact  %vith  the  rock,  thus>(reatlj  mi  hieing 
the  i-otsl  friction ;  while,  oh  l\u'  procesJiS  i»f 
erosion  went  on,  the  rock  surfaces  woulil 
Ijecotne  continually  smoother  and  the  in- 
equalities  less  prononncoel,  so  that  even 
when  a  njek-baHiii  hati  btH?n  grrvmul  out  to 
a  considc^rable  depth  the  on  wan  1  tuotion 
might  be  almost  a8  great  as  at  the  begin* 
ning  of  the  proce^ss. 

If,  now,  we  consider  that  the  erosion  I 
have  attempted  to  describe  was  goin^'^  on 
during  a  large  part  of  the  glacial  period, 
under  a  weight  of  ice  varj'ing  from  one  to 
five  or  six  thousand  feet  in  thickness,  and 
in  some  cases  even  more ;  that  the  huge  ^ 
grinding  tool  was  at  work  day  and  night,  ^ 
winter  and  suuimer,  century  after  century,  § 
fnr  w^hatcver  number  of  thousands  of  yaaix  9. 
we  give  to  the  glacial  perioti;  that — as  in-  * 
nnnierable  other  facts  prove — the  ice  moved  3 
irresistibly  over  hill  and  dale,  and  up  sIojk'h 
£ir  stepper  than  any  formed  by  the  inclines 
of  the  bottoms  of  our  deepest  lakes — 
as  shown  by  the  true  scale  section  of  Lake 
Como  here  given  —  what  h  there  of 
impossible,  or  even  of  improbable  in  the 
belief,  that  lake-basins  were  produced  by 
such  differential  erosion  I  To  the  onlinary 
observer  it  seems  impossible  that  a  moun- 
tain valley,  half  a  mile  wide  and  bounded 
by  rocky  slopes  and  precipices  two  or  three 
thou  Band  feet  high,  can  have  been  formed 
mthont  any  *^  convulsion  of  nature,"  but 
merely  by  the  natural  agencies  he  sees  still 
in  action — rain  and  frost,  sun  and  wind— 
and  that  the  small  nx'k^encumbered  stream 
now    flowing   along   its   bottom    can    have 
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carried  away  the  whole  of  the  many  cubic  miles  of  solid 

rock  that  once  filled  up  the  valley.  But  the  geologiBt 
know^s  that  these  apimrently  insignificant  forces  hm^e  done 
the  work,  through  their  continuous  action  alway.s  in  one 
direction  for  thousand's,  or  even  for  millions  of  years;  and, 
therefore,  having  bef^^re  him  so  many  proofs  of  the  enxiing 
[x^wer  of  ice,  in  planed  ant  I  rounded  i^ocka  and  in  the 
grooves  and  furrows  which  are  the  latent  miu^ks  left  by  the 
iee-tool ;  and  bearing  in  mind  the  Ii>ng  duration  and 
possibly  recurrent  phases?  of  the  ice  age—  tu  be  measui'ed 
certiiinly  by  tens,  jjerhaps  by  hundretls,  of  thousands  of 
years— he  can  have  little  difficulty  in  accepting  the  erosion 
of  lake-b^isins  as  the  most  satbfiietory  explanation  of  their 
origin. 

;i.  Object  iff^u  of  Modern  Wiitem  cmmdcrcxL — Professor 
Bonney  and  many  other  writers  ask,  why  lakes  are  so  few 
though  all  the  chief  valleys  of  the  Alps  were  filled  with 
ice ;  and  why,  for  instance,  there  is  no  great  lake  in  the 
Dora  Baltea  valley  whose  glacier  produced  the  great 
moraines  of  Ivrea  opposite  its  outlet  into  the  plains  of 
Italy,  and  which  fonn  a  chain  of  hills  fifteen  miles  long 
and  fifteen  hundred  feet  high  ?  The  answer,  in  the  case 
of  the  Dora  Bid  tea  is  not  difficult,  since  it  almost  certainly 
has  had  a  sei'ies  of  lake-basins  at  Aijsta,  Ven'ex,  and  oth^r^ 
places  where  the  broiiil  level  valley  is  now  filled  with  allu- 
vial graveL  But  the  more  iniporUant  point  is  the  extreme 
narruwness  of  the  lower  pait  of  the  valley  above  Donnas 
and  again  near  its  entmnce  into  the  valley  of  the  Po.  The 
effect  of  this  would  be  that  the  great  glacier,  probably 
two  thousi\nd  teet  thick  or  more,  would  move  mpidly  in 
its  up|>er  layers,  carrying  out  its  load  of  stones  and  dt^bria 
to  form  the  terminal  moraine,  while  the  lower  strata, 
choked  in  the  defiles,  would  move  very  slowly.  And  once 
out  in  the  open  valley  of  the  Po,  then  a  great  inlet  of  the 
warm  Mediteii'anean  Sea,  the  ice  w<iuld  rapiflly  melt  away 
in  the  water  and  in  the  warm  moist  atmosphere,  and 
therefore  have  no  tendency  to  enxle  a  lake-ba^in. 

The  Lake  of  Lugano,  with  its  curious  nidiating  arms,  is 
said  to  be  another  difficulty*  But  each  of  these  arms  is 
the  outlet  of  a  valley  or  series  of  valleys,  w^hich  were 
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no  doubt  reduced  to  nearly  level  plain r  by  sub- aerial 
denudation  lit^fon'  tlip  ico  began  its  wfirk.  The  basin  of 
these  valleys  ct^tJiprise.s  abnut  two  hmidred  square  niile!^ 
and  the  watershed  t<j  the  north  m  nif>dt^intely  high  :  but 
there  can  be  no  diiiibt  that  a  large  overHaw  from  the  Coino 
glacier  |jouri.*d  into  it;  and  the  difiieidt>*  seom«  to  me  t<> 
be  purely  imaginary  if  we  simiily  recognise  the  fact  that 
an  esst^ntial  preliminary  to  lake -erosion  is  a  pi'e-existing 
arly  level  valley  bi*ttoni. 

Another  difficulty  is  said  to  be  the  frequent  presence  of 
islands  in  the  lakes ;  hut  here  again  the  answer  is  easy. 

he  islands, always  gn Mind  down  to  rodtes  miytUfmn^Cit,  were 

ggy  hills  in   the  | ire- existing  valleys,  and   s!ieh   hills 

exists!   beeanse  the}^  luid   for  ages  n/sisted  the  sub-aerial 

enudation   which  hiid   hollowed  out  the    valleys.      The 

me  characters  of  density  or  toughness  that  enabled  them 
n^iet  onlinary  denudation,  enabled  th**m  also,  tc>  some 
extent,  to  resist  destniction  by  ice-emsion  ;  just  as  the 
ehanteter  of  the  nx^ks  which  enabled  onlinary  demidation 
Mj  bring  them  down  to  a  nearly  level  surface  in  the  valley- 
biittoi  I J ,  a  1  !^o  (ac  i  1  i  Ui  t  er  1  t  h  e  ic  e  -e  msi  on  w  h  ic  li  c^  »n  v  e  rted  the 
level  valley  Hoor  into  a  rtjck-basin,  and  after  the  ice  left  it 
into  a  lake. 

Every  writer  briugH  for%vanl  the  welt- known  fact  that 
the  ends  of  glaeiirs  pa^s  uver  bcfls  of  gravel  or  moraine 
matter,  withtait  destroying  c»r  even  disturbing  it.  But 
Jiere  is  no  reason  why  they  should  do  more  than  compress 

Lich  Wis  of  IcKise  material  and  roughly  level  their  surftices. 

t  is  the  old  delusion  of  a  glacier  acting  like  a  scoop  or  a 
plough  that  kwls  to  the  idea  that  if  it  can  enxle  rcK-k 
slowly  it  iiiust  altogether  demolish  gmvel  or  boulder-clay. 
But  if  we  turn  to  the  description  I  have  given  of  how  a 
glacier  enxles  a  rock*basin  and  apply  this  to  its  pass*ige 

iver  a  bed  of  grave!  or  boulder-clay,  we  shall  see  that  in 

'e  latter  case  the  erosion  would  be  much  more  difficult, 
cause  each  ice -em  bedded  stone  or  rock  would  press  into 
the  yielding  material,  which  would  clase  up  instantly  behind 
it  under  pressun^  of  the  ice  and  thus  leave  no  result. 
Where  the  sub- glacial  water  accumulated,  channels  would 
be  cut  in  the  gravel  or  clay,  but  elsewhere  there  would 
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probably  be  no  erosion  at  all.  Some  writers  maint^iin  that 
the  lakes  were  all  fillrd  up  with  alluviinn  previous  to  the 
glacial  epochs  and  that  the  ice  cleartHl  out  this  incoherent 
matter;  but  it  in  ahnost  certain  that  no  such  eleamnee 
would  have  taki^ii  i>lace,  In^cause  the  glacier  would  paa^s 
over  such  a  8Urfaet%  the  stones  teuxpomrilj  furroAving  it, 
while  the  8iib-glacial  water  w\»idcl  eut  for  itself  one  or 
more  deep  ehannels,  and  there  would  thus  Ix*  no  water 
flowing  over  the  whole  surftice  of  the  basin,  whieh  must  lx> 
so  great  an  aid  to  erasion  in  solid  rock. 

These  considerntions  apply  to  the  equally  common  ob- 
jection, that  the  great  niaase^  of  boulder-clay  left  behind 
by  the  ice-sheet,  and  over  which  it  must  have  passed, 
prove  that  it  could  have  had  little  eroding  power.  The 
priwluct  of  the  erosion  of  iiregular  roc k-sui' faces  in  an 
undulating  tract  of  country,  where  not  carried  away  by 
water,  w^ould  necessarily,  by  the  pressure  of  the  ice,  be 
foi"ced  into  the  more  or  less  sheltered  or  land-locked 
hollows,  thus  tending  to  equalise  the  surface-contours  and 
fiieilitate  the  onwai^d  motion  of  the  ice.  In  such  hollows 
it  wuudd  be  pressed  and  compacted  by  the  weight  of  the 
ice,  but  would  be  neither  eroded  nor  forced  away  until,  by 
the  continued  process  of  rock-erosion^  it  became  exposed 
to  unequal  lateral  pressure,  when  it  would  be  gradually 
removed  to  some  other  sheltered  hollow,  perhaps  to  again 
undergo  the  same  pn^cess  of  ifmoval  at  a  later  period,  and 
finally  rest  in  the  portions  in  which  we  find  il  During 
the  later  stages  of  the  ice  age  when^  notwithstanding  the 
rmwanl  motion  of  the  middle  [xjrtions  of  the  glacier,  the 
lower  portion  wiis  melting  away  both  above  and  below; 
and  the  terminal  ice-cliff  was  permanently  retreating, 
almtist  the  whole  of  the  eroded  nrntt-er  except  what  was 
carried  away  by  the  sub-glacial  torrents,  would  remain 
behind  ;  and  it  is  this  final  product  of  glacial  erosion  that 
forms  the  huge  deposits  of  boulder-clay  which  encumber 
the  surface  of  the  lowlands  in  most  highly  glaciated  ■ 
countries.  When,  how^^ver,  the  moving  ice  changed  its  ■ 
direction,  as  it  often  did  during  the  varj^ing  phases  of  the 
ice  age,  it  sometimes  acted  most  energetically  in  crushing, 
dragging,  and  contorting  both  the  boulder-clay  and  other 
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mtperlietal  beds,  often  causing  tho  wildest  confusion  in  the 
deposits  and  sometimes  en^bedfling  huge  sheets  of  tertiaiT 
Simla  or  chalk  in  the  midst  of  the  1:j4iu!der-elay*  But  thin 
is  a  very  diSerent  laode  of  action  fmm  that  by  wh^'h  hani 
rocks  arc*  grnund  down  or  lake- basins  eroderl. 

In  reply  to  the  con  tin  rial  iissertions  i  if  Professor  Bnnney 
and  nit  moHt  of  the  Alpine  explorers,  that  the  aetiim  of 
glaciers  is  entirely  BUperfieial.  and  that  they  actually  pre- 
serve the  snrfiicoH  they  cover  from  denndation,  a  few  facts 
may  be  here  given.  From  a  large  number  of  gaugingn  by 
Dollfns-Ausset,  Dr  Penck  has  calenlated  that  the  s<ilid 
matter  in  the  torrent  which  issues  fn^ni  the  Aar  glacier 
annually  amounts  to  six  linndred  and  thirty -eight  cubic 
metres  for  each  square  kilometre  of  the  surface  of  the 
gbicierj  a  quantity  sufficient  to  lower  the  bed  of  the  glacier 
ane  metre  in  sixteen  hundred  and  sixty-six  yeara,  or  one 
foot  in  five  hundred  anfl  iive  yeai'S ;  and  the  same  writem 
calculate  that  the  same  amount  of  erosion  in  a  valley  by 
water  alone  would  recpiire  two  and  a  half  times  n^  long.^ 
Other  writers  have  mtide  estimate's  less  favourable  to  ice 
as  an  agent  of  erosion  ;  but  even  if  the  amount  annually 
ground  awaj  be  but  small ^  the  cumulative  effect  wfis  un* 
doubtedly  verj^  great  in  the  ejv*e  of  the  enormous  glaciem 
of  the  ice  age.  The  very  wide  areas  covered  with  boulder 
clay  and  dnft  in  North  Auierica,  and  its  great  average 
depth,  have  already  been  referred  to  in  the  preceding 
chapter  (p.  75) ;  bat  a  still  more  gtriking  estimate  has  been 
made  of  the  amount  of  rock  debris  in  Northern  Europe 
which  can  be  traced  to  Scjindinavia.  ])r,  Amund  Helland 
stJVtcK  that  about  eight  hundred  thousand  sfjuare  miles 
are  covered  with  such  drift  U\  an  average  depth  of  one 
hundred  an<l  fifty  feet,  of  which  about  t"jne  hundred  feet 
are  of  Scandinavian  origin,  the  remainder  being  lociil 
The  area  of  Scandinavia  and  Finland,  from  which  this 
debris  has  been  derived,  is  very  nuich  lesa  than  the  area 
which  it  is  ilistributed,  so  that  to  ]>nKiuce  it  an 
unt  equal  to  an  average  thickness  of  two  hundred  and 
fifty-five  feet  nuist  have  been  removetl  from  those  coun- 
trie*«.     To  this  must  be  added  the  amount  which  has  gone 

'  FaXmn,  ha  Pin&ie  QlaHmrt,  p.  Ski 
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into  the  Baltic  and  North  Seas,  and  also  that  which  has 

been  wirrit'd  away  by  rain  and  rivers  .since  the  ice  age 
|wiwsi*d  away,  anil  y<^t  further,  the  enormous  amount  that 
still  remains  on  the  low hmd^s  of  Scandinavia,  and  we  shall 
then  aiTive  at  an  amount  pixibably  twice  as  gn:^at  im  the  M 
above  estimate,  that  is,  womething  like  five  hundred  feet  ■ 
as  theavemge  amount  of  denndation  of  Scandinavia  during 
the  glacial  period.^  Now,  unless  this  estimate  m  wildly 
ami  extravagantly  erroneous — and  ProfeBSor  tieikie  adopts 
hos^primd  facu:,  not  extravagant,  we  have  an  amount  of 
ice -erosion  so  enormous  as  to  put  completely  out  of  court 
all  the  allegations  of  those  who  attempt  to  mittimise  it  as 
a  mere  saioothing  off  of  .sharp  angles  and  rugged  surfaces. 
I  am  not  aware  that  Professtir  Btmney  denies  the  Scandi- 
navian origin  of  the  gi'ealer  part  of  the  northern  drift,  and 
unless  he  eau  shuw  that  its  i|nantity  is  something  like  a 
Hftieth  part  only  f)f  tho  estimate  of  Dr.  Helland,  I  cannot 
uudei'stand  how  he  can  still  maintain  that  the  glaciers  and 
ice-sheet-i^  of  the  ice  age  were  agents  of  abrasion,  not  of 
erosion,  and  that  they  were  therefore  iurjxjtent  to  grind 
away  the  comjwiratively  Rmall  an*<>unt  of  rock  removed, 
under  the  most  favourstble  conditions^  fnnn  the  basins  of 
the  valley-lakes  whose  origin  we  are  discussing. 

Of  course,  it  may  be  said  that  the  bulk  of  the  Scandi- 
navian drift  in  Northern  Europe  is  not  a  remdt  of  ice- 
en>sion,  bat  of  sub-aerial  denudation,  the  prcwluct  of  which 
was  carried  away  by  the  ice-sheet  This  may  be  admitted 
as  reganls  some  portion  of  it,  and  es]>eeially  of  the  heaps 
of  angular  blocks  previously  referred  to.  There  was  also 
probably  a  considerable  layer  of  soil  and  of  partially  dis-  _ 
integrated  rock  in  Scandinavia  before  the  glacial  epoch,  I 
but  both  these  elements  will  certainly  not  accouDt  for 
more  than  a  small  |Kirlion  of  the  drift,  which  consists 
largely  of  boulder-clays,  the  undoubted  pnKluct  of  glacial 
erosion.  This  question  has  been  rjirefully  examined  by 
glacial ists,  and  Professor  Jahies  (Jeikie^s  conclusion  is  as 
follows,  referring  specially  to  this  northern  drift: — 

**It  18  (ibvioiisly  impriHRjhks  tbit  the  gn»nncV-moraineft  of  an  ioe- 
ifhi!et  of  Rucli  (liuienrtionN  eoiild  have  been  fieri  vlxI  or  uven  «iipple- 

*  FfXtf/mtntH  of  Eurth  Lort^  hy  James  Gtiikie,  F*R.S.  (hS9:i),  p.  IflT, 
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malted  U$  Mij  «xleni  from  superficial  source.  Th@  boulder  okys 
sne  the  direct  iwoducta  of  gluuittl  eru^ion.  They  oon^bt  oHiientiAlly 
iti  imweathei'ea  niaterial.  BfjiMent^  sumller  stones,  gnt,  HAud,  and 
iKe  liner  grained  rock -meal  or  iti*ur  areallaUko  fresli^  they  have  not 
been  altered  chemically  as  they  wriidil  have  been  hiwl  they  eome  from 
iuperticiiil  aouica^.  They  could  not  have  come  from  above,  i%ti(l  they 
cftonot  roprtse^nt  thi^  weatherod  rock -debris  of  [iru'gki^kl  tiuieK/' 
~  HhSc^pium,p,  187) 


in 
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id  again  {at  p.  190  of  the  same  volume)  he  writes: — 

**  From  the  varioui?  facta  fil>ove  referred  to  we  are  juatilied  in  con- 
cluding that  glacier -ice  i»  h  nio»t  effective  agent  of  erosion.  It  not 
[J  abradei^^  iubf^i  tmiooiliM^  and  polishes,  but  crushes,  folds^ 
rupts,  and  duiijlacey  rock-masiaes,  tlie  amount  of  <UHturl>ance  being 
proportion  to  the  resisting  p<>wer  of  the  rwk  and  the  prcHHure 

erted  by  the  ice.     Other  thingit  }>eing  ei[ual,  m«^re  crushing  and 

s|i1acenient  mil  be  effected  under  a  nia^ssive  ice -sheet  than  undei'a 

naU  valley  glacier," 

Taking  these  various  faet-s  and  argiinieiits  in  connection 

ith    the   grpat  iniinber  tinfl    large   size  of  the  lakes  of 

wvden.  Liipland,  aiifl  Finland,  almost  all  trite  roe k  basin!*, 
the  cumulative  evidence  in  i'avuur  of  the  origin  of  isuch 
Ukes  by  glacial  erosion  bee{.niii'S  overwhclnnng. 

4.  The  AitemaMvc  Thc&nj  ami  ih  JhJ/lcnltUd.—ThQVC  ia 
really  only  one  alternative  theory  tu  iliat  of  ice-erosion  for 
the  origin  of  the  class  of  lakes  we  have  been  discussing, 

iz-,  that  they  were  formed  a  little  l>efore  the  glacial  epoch 
r   during  its  contiJiuance,  by  earth-movements    of   the 

me  nature  a»  tho^e  which  are  concerned  in  mountain 
Ibmiation,  that  m,  by  lateral  pressure  cau.siug  folds  or 
Hexures  of  the  surface;  and  where  such  flexures  occurred 
across  a  valley  a  lake  would  be  the  result  This  is  Pro* 
fessor  Bonney'^  theory  given  in  his  paper  in  the  Gcof/ravk- 

til  Jmtrnai,  and  it  is  also  that  of  Desor^  Fore  I,  Favre,  and 
ther  Lnninent  continental  geobgists.  It  is  explained  fully 
in  the  work  of  M.  Falsm  (already  i|UutL"d),  who  also  adopts 
it;  and  it  may  be  considered,  therefore^  that  if  this  theory  can 
be  shown  to  Ix^  untenable  that  of  gh^cial  erosion  will  hold 
the  field,  since  there  is  no  other  that  can  seriously  compete 
with  it*     Professor  Bonney  considers  this  theory  completely 

tisfactoryi  and  he  complains  that  the  advocates  of  glacial 
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erosion    have   never   discussed   it,   intimating   that  they 
**  deemed  silence  on  thi8  topic  more  prudent  than  speech," 

As  this  theory  is  put  forwani  with  so  much  confidence, 
and  by  geologists  of  stich  high  reputation,  I  feci  Injund  U> 
devote  some  sjmce  to  its  conHidcmtion,  and  shall,  I  think, 
be  able  to  show  that  it  breaks  down  on  close  examination 

In  the  first  place,  it  does  not  attc^mpt  to  explain  that 
wonderful  absence  of  valley- lakes  from  all  the  mounUiin 
regions  of  the  world  except  those  which  have  been  highly 
glaciatttd.  It  is,  no  doubt,  tme  that  during  the  time  the 
'akes  were  filled  with  ice  instead  of  water  they  would  bo 
preserved  from  filling  up  by  the  influx  of  sediment ;  and 
this  may  be  foirly  claimed  as  a  reason  why  lakes  of  this  I 
class  should  be  somewhat  more  numerous  in  glaciated  j 
regions,  but  it  does  not  in  any  way  explain  their  toUd 
absence  elsewhere.  We  are  asked  to  believe  that  from 
the  jicriod  imtnediatcly  preceding  the  glacial  epoc:h  to  our 
own  day,  e^irth- movements  of  a  nature  to  produce  deep 
lakes  iKJCun^ed  in  eveiy^  mountiiin  ninge  without  exception 
that  Wixs  about  to  be  or  had  been  subject  t^:>  severe  glacia- 
tioUj  and  not  only  bo,  but  occurred  on  hoih  sides  of  eiieh 
range,as  in  the  Alps,  or  all  round  a  mountain  range,  its  in  our 
Lake  district,  or  in  every  part  of  a  complex  mountain  region, 
as  in  Scotland  from  the  Frith  of  Clyde  to  the  extreme 
north  cmist— all  in  this  very  limited  period  of  geological 
time.  We  are  fiu'ther  asked  to  believe  that  during  the  wnole 
|K"riyd  from  the  conuaenceinent  of  the  ice-age  to  our  day 
sueh  earth-nioveinents  have  never  produced  a  single  gronp 
of  valley -lakes  in  anyone  of  the  countless  mountain  ranges 
and  hilly  regions  throughout  the  whole  of  the  very  mueh 
more  extensive  non-gliwjiated  regions  of  the  globe  !  This 
appears  to  ine*  to  be  sin^[jly  increilible.  The  only  way  to 
get  over  the  difficulty  is  to  suppose  that  earth-movements 
of  this  nature  oceurn-ni  only  at  that  one  peritKl,  just  before 
the  iee  age  came  on,  and  that  the  hikes  pnidueeil  by  tliem 
in  all  other  regions  have  since  been  filled  up.  But  is  there 
any  evidence  of  this  ?  And  is  it  probable  that  all  lakes  so 
produced  in  n  on -glaciated  regions,  however  large  and  deep 
they  might  be^  and  however  little  sediment  was  carried 
down  by  their  inflowing  streams,  should   have  entirely 
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disappeared  ?  The  theoiy  of  the  pre-glacial  or  inter-glacial 
t)Thf{m  of  ihi'sc  \akvs  by  earth  niuvements  thus  rests  upon 
iM'nVis  Iff  highly  irn probable  suppositions  entirely  unaup- 
pirUNJ  by  auy  appeal  tu  ubstjrved  tacts, 

Thcne  is,  however,  another  diftieulty  which  is  jjerhajis 

mtism  greater  thmi  those  just  considered^     Whatever  may 

the  cjiuses  of  the  compression,  elevation,  folding,  and 

tther  earth -movements  which  have  led  to  the  funnation 

Fraountain  masses,  there  can  be  no  doubt  that  they  have 
bpemted  with  extreme  jilo^vness;  and  all  the  endence  we 

ave  of  surface  movements  now  going  on  show  thati 
hey  are  so  slow  as  to  be  deteeted  only  by  careful  and  long- 
Dntinued  observations.  On  the  other  hand,  the  action  of 
Kvers  in  cutting  dow^n  rocky  barrier's  is  comparatively 
jipid,  especially  when,  as  in  all  mountainous  couutrieSj 
bey  cany  in  their  waters  large  quantities  of  sediment,  and 
Ptiring  Hoods  bring  down  also  abimdance  of  sand,  ginvel, 
itir)    Jaj'ge   stunes.       A   remarkable    illustration    of    this 

<*^ive  puwer  is  aHurtled  by  the  river  Sinicto  in  Sicily,  which 
tiiicuL  a  channel  thmugh  solid  lava  which  w^as  formed 
iy  an  eruption  in  the  year  1603.  In  1828,  8ir  Charley 
Uell  Htatefl,  it  had  cut  a  ravine  through  this  compact 
Ine  ritck  fri>to  fifty  to  f^everal  hundred  teet  wide,  and  in 
ome  parts  from  forty  to  fifty  feet  deep,^  The  enormous 
inoD  of  the  Colorado,  from  8,000  to  5^000  feet  deep 
titl  400  miles  long^  which  hius  been  entirely  cut  through 

SI  Ties  of  inesozoic  and  pilieozoic  rocks  during  the 
liter  portion  of  the  tertiaiy  period,  ih  another  examiile  of 
le  wotiderfnl  cuttingpowerof  sand  laden  running  water 

It  i^,  in  fact,  only  on  account  of  this  [jowerful  agency  that 
ipe  do  not  fintl  valley  lakes  abounding  in  every  niount^unous 
jiaintry,  since  it  is  (pute  certain  that  earth- movements  of 
irioiLs  kinds  must  have  been  continually  taking  place. 
^tit  if  rivers  havu  always  been  able  to  keep  their  channels 
je-Jtr,  during  such  movementSj  among  the  mountains  of 
Be  tro[ucs  and  of  all  wann  countries,  some  reason  must 
found  for  their  inability  to  tlo  so  in  the  Alps  and  in 
rolland.  in  Cumberland,  Wales,  and  southern  New 
t-jdand  ;  iuid  as  no  re^ison  is  alleged,  or  any  proof  oflfered 
>  J*niieii*ic*  of  Geologist  lltli  ctU,  vgL  i*j  p*  353* 


that  stitiicitJiiLly  rapid  and  extensive  e^rth-movamente 
actually  did  ticcur  in  the  subalpiae  valleys  of  these  coimtried 
at  the  epoch  required  we  must  decline  to  accept  »iich  a 
hypothetical  and  unsatisfactory  explanation. 

Nothing  is  more  eEisy,  ati<l  nothing  seems  at  first  sight 
more  plausible,  than  to  allege  these  **  earth -movements'' 
to  account  for  any  one  lake  whose  origin  may  be  under 
discussion.  But  it  cetuses  to  be  either  e^isy  or  plausible 
when  we  consider  the  great  number  of  the  lakes  to  be 
accounted  for,  their  remarkable  positions  and  groupings, 
and  their  great  depths.  We  must  postulate  these  move- 
ments, all  abtmt  the  same  time,  m  every  part  of  the  High- 
lands of  Scotland,  evt^ry  where  in  the  Lake  district,  and  on 
both  sides  of  the  Alps,  Then,  again,  the  movements  must 
have  been  of  greater  extent  just  where  we  ca.n  prove  the 
glaciation  to  nave  been  most  severe.  It  produced  lakea 
from  100  feet  to  270  feet  deep  in  Cumljerlaud  and 
Westmoreland ;  in  Scotland,  where  the  ice  was  much 
thicker,  the  lakes  are  from  over  300  to  over  1 ,000  feet 
deep;  while  in  the  Alps  of  Switzerland  and  North  Italy, 
with  its  vast  glaciers  and  ice-sheets,  many  are  over  1,000 
feet  J  and  one  reaches  the  enormous  depth  of  over  2,500 
feet.  It  may  be  said  that  the  depth  is  in  proportion  to 
the  height  of  the  mountains ;  but  in  e^jually  high  mountains 
that  have  not  been  glaciated  there  are  no  lakes,  so  this 
cfinnot  be  the  true  explanation.  One  more  remarkable 
coincidence  must,  however,  be  pointed  out.  The  two 
largest  Swiss  lakes— ^ those  of  Geneva  and  Constance — are 
situated  just  where  the  two  greatest  West  Euroj>ean 
rivers^  the  Rhone  and  the  Rhine,  get  beyond  the  mountain 
ranges;  while  on  the  south,  one  of  the  largest  and  by  far 
fche  deepest  of  the  lakes—Lagy  Maggiore — K^ollected  into 
its  basin  the  glacier  streams  from  a  hundred  miles  of  the 
high  AlpvS,  extending  ihm\  Moute  Rosa  on  the  west  to  the 
peaks  abi>ve  San  Bernardino  on  the  east,  Thnjughout  this 
great  curve  of  snowy  peaks  the  streams  eon\  erge,  with 
an  average  k^ngth  of  only  30  miles,  to  unite  in  a  valley  only 
646  feet  above  the  sea  level.  No  such  remarkable  con- 
centration of  valleys  is  to  be  found  anywhere  else  in  the 
AljuSj  and  no  other  hike  roaches  to  nearly  so  great  a  depth. 
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r  On  the  thoory  ol  glacial  erosion  we  have  hert^  cmise  and 
"    "tTi'>'\ :  Mil  that  of  i*urth  niuvL'uients  we  hav*.*  anothtT  mere 
Itiir*'  atldcf]  to  the  long  fcteries  already  noticed.     The 
'  n  I  - 1 1  i  ( I  r  *  >  V  ii  V  2 ,500  feet  u  IH I  (  j  1 1  b  1^^!  ]y  »ee  i  H8  e  noi-ni  oi  is,  bu  t 
I    that  firpth  exists  ju*jl  at  th^*  [Kjirit   where  the  two  ^i*eat 
'    s  whitih  have  colli  retell  the  eon  verging  .streams  above 
A  to,  unite  together,     Cieofogints  will  probably  not 
I     liiink  thirty  thousantf  yvnin  an  extravagant  estimate  for 
J    the  tJtimtion  of  the  glacial  pericxl,  in  ^vhich  case  an  erosion 
of  only  an  inch  in  a  year  would  be  sufficient.     Lago  di 
(ianja,  thi-  largest  Italian  lake,  had  a  still  larger  catchment 
jn?a  in  glacial  time8,  but  not  ntmrly  so  much  concentrated, 
\m\ts,  itscompamtively  inodemte  depth  of  about 
We  see,  then,  that  on  the  theory  of  erosion, 
the  size,  depth,  and  position  of  the  chief  lakes  are  all 
intelligible,  while  on  that  of  earth  movements  they  have 
M  nieaning  whatever^  Binee  the  deep-seated  agencies  pro- 
curing Rubwidenee.  upheaval,  or  curvatniv  of  the  surface 
iruufd  hk*  ius  VikyAy  to  act  in    the  small  as  in  the  largo 
~'V»jk^,  and  to  pnwhiee  th**^p  lakes  in  other  places  than 
where,   at   a    later    epoch,    the    thickest    glaciers 
imulntefl. 

JVif  CtyntouTH  a7ul  Outlhus  of  the  Lakes  intlMaii  £rositm 

er  than  t^itbmergence.— While  collecting   facts   for  the 

nt  artielt^s,  it  occurred  to  me  that  the  rival  theories 

lake- fori  nation — eronion    ami    subuiergence^^were  so 

'r**nt  in  their  mode  of  miction  that  they  ought  to  pro- 

^  Home  marked  difference  in  the  result     There  must 

line  crittTia  by  which  to  distinguish  the  two  modes  of 

rtrfgm.     Under  any  avstctn  of  earth  movements  a   valley- 

bottoin  will  simply  beconie   submerged,  and   be  hardly 

:>  altered  than  if  it  hatl  been  converted  into  a  lake  by 

Iding  an  artificial  dam  in  a  convenient  situation.    We 

Id  tind,  therefore,  merely  a  submerged  valley  with  all 

usual  pecntiarities.     If,  however,  the  lake-basin  hiis 

\  fivno*^!  by  glacial  erosion,  then  some  of  the  special 

ires  will  have  been  destroyed, and  we  tshall  have 

net  of  ehametei^  which  will  be  tolerably  con- 

t  m  all  lakt'H  so  forim^l.     Now  I   find  that  there  are 

«uch  criteria  by  tvhich  we  ought  to  be  able  to  dis- 
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tinguish  the  two  classes  of  lakes,  and  the  application  of 
these  testB  serves  to  show  that  most  of  the  valley- lakes  of 
glaciated  countries  were  not  formed  by  submergence. 

The  first  point  is  that  valleys  in  mountainous  countries 
often  have  the  river-channt^  forniiiig  a  nivine  for  a  few 
miles,  afterwaitln  opening  out  int^j  a  flat  valley,  and  then 
again  closing,  while  at  an  elevation  of  a  hundred  or  a  few 
hundred  feet,  at  the  level  of  the  top  of  the  ravine^  the 
valley  walls  slope  back  on  each  side,  perhaps  to  be  again 
flanked  by  precipices.  Now,  if  such  a  valley  were  con- 
verted into  a  deep  lake  by  any  form  of  subsidence,  these 
ravines  won  hi  remain  under  water  and  form  submerged 
river  channels.  Bot  neither  in  the  lakes  which  have  been 
surveyed  b}^  the  Hwiss  Government,  nor  in  the  Atlas  des 
Lacs  Fran^aises  of  M.  Delebecquej  nor  in  those  of  the 
German  Alps  by  Dr.  Alois  Geistbeck,  nor  in  the  lakes  of  ■ 
our  own  country,  can  I  find  any  indications  of  such  sub-  I 
merged  liver-channels  or  ravines,  or  any  c»ther  of  the 
varietl  rock  features  that  so  often  occur  in  valleys.  Abiiost 
all  these  lakes  present  mther  steeply  sloping  sides  with 
broad,  rounded,  or  nearly  level  bottoms  of  saucer  shajje. 
such  a^  are  certainly  not  chamcteristic  of  sub-aerial  valley 
bottoms,  but  which  are  exactly  what  we  might  expect 
as  the  ultimate  result  of  thousands  of  veal's  of  incessant 
ice-grinding-  The  point  is,  not  that  the  lake-bottouis  may 
not  in  a  few  cjises  represent  the  contoui^  of  a  valley,  hut  ^ 
that  they  never  present  peculiarities  of  contour  which  nm  ■ 
not  unfretjuent  in  mountJiin  valleys,  and  never  show  sub* 
merged  ravines  or  jutting  rocky  promontoric^s  like  those 
which  are  so  common  a  feature  in  hilly  districts. 

The  next  point  is,  that  Alpine  lake-bottoms,  whether  | 
large  or  small,  frequently  consist  of  two  or  more  distinct 
basins,  a  feature  which  could  not  occur  in  lakes  due  to 
submergence  unless  there  were  two  or  more  points  of 
flexure  for  each  depression,  a  thing  highly  improbiible 
even  in  the  larger  takes  and  almost  impossible  in  the 
smaller.  Flexures  of  almost  any  degree  of  curvature  are 
no  doubt  found  in  the  rocks  fonuing  mountain  chains ;  but 
these  flexuree  have  been  produced  deep  down  under  enor- j 
mous  pressure  of  overlying  strata^  whereas  the  surface  I 
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which  are  supposed  to  have  been  movt^d  ti>  can  so  lakes  are 
free  to  take  any  upwaixl  or  downward  curves,  and  aij  the 
Miun?e  of  motion  i^  csertainly  deep-seated  those  curves  will 
usually  be  of  very  gmdual  curvature.  Yet  in  the  small 
lake  of  Annccy  there  are  two  separate  basins;  in  Lake 
Bourget  also  two ;  in  the  small  lake  f>f  Aiguebellette,  in 
Savoy,  there  are  three  distinct  basins  of  very  difilerent 
*hs  ;  and  in  the  Lac  de  St.  Point,  about  four  miles  long, 
re  are  also  three  separate  Hat  basins.  In  Switzerland 
the  same  phenomenon  is  often  found.  In  the  Lake  of 
Xeufchatel  there  are  three  basins  separatetl  by  ridgcB  from 
twenty  to  thirty  feet  above  the  deeper  parts.  The  small 
Iac  de  Joux^  at  the  head  of  a  high  valley  in  the  Jura,  has 
abo  three  shallow  basins.  Lake  Zurich  eonsbts  of  three 
well-marketj  basins.  The  exceedingly  irregular  Lake  of 
Lucerne,  formed  by  the  confluence  of  many  valleys  meeting 
at  various  angles  hemmed  in  by  precipitous  mountains, 
has  eight  distinct  basins,  mostly  separatefl  by  shallows  at 
the  narrow  openings  between  opposing  mountain  ridges. 
This  is  exactly  what  would  result  from  glacier  action,  the 
grinding  fxnver  uf  which  must  always  be  at  a  maximum 
in  the  wider  parts  of  valleys,  where  the  weight  of  the  iee 
could  exert  its  full  force  and  the  motion  be  least  impeded. 
On  the  subsidence  or  curvature  theory,  however,  tnere  ia 
no  reason  why  the  greatest  depth  should  occur  in  one  part 
father  than  in  another,  while  se|)arate  basins  in  the 
variously  diverging  arms  of  one  lake  seem  most  im- 
probable. The  lakes  of  Thun  and  Brienz  tbnn  two  basins 
of  what  wm  evidently  once  a  single  lake.  The  upper  or 
Brienz  basin  is  enormously  deep,  over  two  thousand  feet, 
and  the  reason  is  obvious.  The  combined  glaciers  of  the 
Lauterbninnen  and  Grindelwald  valleys  enteretl  the  main 
valley  in  a  direction  almt^at  opposite  to  that  of  the  A  a  re, 
tiling  lip  the  ice  against  the  great  barrier  of  the  Rieder 
>rat,  so  that  it  at  length  flowL<l  downward  with  greatly 
increased  gi'inding  jiower ;  while  lower  downj  towaixls 
Thun,  the  valley  opens  widely  and  would  thus  allow  the 
ice  to  spread  out  with  greatly  diminished  thickness.  In 
our  own  country  Loch  Lomond  and  Ullsvvater  havu  been 
uad  to  consist  of  several  rjistinct  basins,  aiwA  \iv  ivow^ 
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of  our  lakc-a  have  any  indicatioDS  of    subnierged    river 
chtyinels  yet  been  found. 

The  thii*d  point  of  diffei-ence  between  lakes  of  erosion 
and  those  of  j^nbinersion  is  the  most  important  and  the 
rno^t  d instinctive,  aufi  furnishes,  I  think,  what  may  be 
termed  a  diagnostic  character  of  lakes  of  emsion.  In  most 
river  valleys  through  a  hilly  or  mountainous  country  out* 
side  of  the  glaciated  districts,  the  tributaTT  streams  enter-  I 
ing  more  or  less  at  right  angles  to  the  main  valley  are  ■ 
seen  to  occupy  small  valleys  of  their  own,  which  usually 
open  out  fijr  a  short  distance  at  the  same  level  before 
joining  the  main  valley.  Of  course  there  are  also  torrents 
which  rush  down  steep  mountiiin  slopes  directly  to  the 
main  river,  but  even  these  have  usually  cut  ravines  more 
or  less  deeply  into  the  rock.  Now  if  in  such  a  valley 
we  could  mark  out  a  contour  line  two  hundred,  three 
hundred,  or  five  hundred  feet  above  the  level  of  the  main 
stream,  we  should  sec  that  line  continually  turning  up 
each  sifle  valley  or  mvine  till  it  reaehecl  the  given  level  at 
which  to  cross  the  triliuttiry  stream,  and  then  turning  Uuek 
to  the  main  valley.  The  contour  line  would  thus  form  - 
a  series  of  notches  r>r  loops  of  greater  or  less  depth  at  I 
every  tributary  stream  with  its  entering  valley  or  deeply 
cut  ravine,  and  if  the  main  valley  were  tilled  with  water 
this  line  would  mark  out  the  margin  of  the  lake.  As  an 
illustration  of  this  feature  we  may  take  the  south-west 
coast  of  England,  which  has  never  been  glaciated,  but 
w^hich  has  undergone  a  slight  recent  subsidence  as  indi- 
cated by  the  submerged  forests  ^vhieh  occur  at  several 
places.  The  result  of  this  submergence  is  that  the  lower 
jmrts  of  its  larger  river  valleys  have  been  converted  into 
inland  tidal  lakes,  such  as  Poole  Harbour*  Dartmouth 
Hurboiu',  Kingsbndge  River,  Plymouth  and  Devon  port 
Harbijurs,  and  Carrie k  Road  above  Falmouth.  The  Dart 
River  is  an  excellent  example  of  such  a  submerged  valley, 
auil  its  outline  at  high- water  mark  is  shown  at  (3)  on  the 
accompanying  cut,  where  the  characteristic  outline  of  such 
a  valley  is  woU  indinited,  the  water  ranning  up  every 
tributary  stre^im  as  tlescribeil  abuve.  The  lower  section 
(4)  shows  the  same  feature  by  m<ni.ns  of  a  map  of  the  River 
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Tweed,  near  Peebles,  with  the  seven  hundred  feet  contour 
line  marked  on  it  by  a  dotted  line  J  If  the  valley  were 
submerged  to  this  depth  the  dotted  line  would  mark  the 
outline  of  a  lake,  with  arms  running  up  every  tributary 
stream  just  ai^  in  the  case  of  the  river  Dart  Although 
situated  in  a  glaciated  district  the  valley  here  is  post- 
glacial, all  the  old  river  channels  being  deeply  burieti  in 
drift< 

If  we  now  turn  to  the  valley-lakes  in  glaciated  districts 
we  shall  find  that  they  have  a  very  different  cont4:)ur,  as 
shown  by  the  two  u|>per  outline  maps  on  the  same  page ; 
( I )  showing  the  upper  part  of  UUswater  on  a  scale  of  one 
mile  to  an  inch,  as  in  the  Dart  and  Tweed  maps,  and  (2) 
yhnwiug  the  uppur  ]iart  of  Lake  ConitJ,  taken  from  the 
Aljiine  Club  nuip,  on  a  scale  of  four  miles  to  an  inch.  In 
both  of  these  it  will  be  seen  that  the  water  never  forms 
inlets  up  the  inflowing  streams,  but  all  of  these  without 
exception  fann  an  even  juuction  with  tht^  lake  margin, 
just  as  they  would  do  if  Bowing  into  a  river.  Exactly  the 
i^ime  feature  is  present  in  the  lower  poilions  of  these  two 
lakes,  and  it  is  equally  a  chamcteristic  of  every  lake  in  the 
Liiku  district,  and  of  all  the  Hwiss  and  Italian  lakes.  On 
looking  at  the  maps  of  any  of  these  lakes  one  cannot  but 
see  that  the  lake  smi/ace,  not  the  lake  bottom ,  represents  1 
approximately  the  level  of  the  pi-o-glacial  valley,  and  that  ■ 
the  lateral  streams  and  torrents  enter  the  lake  in  the  way 
they  do  because  they  could  only  erode  their  channels 
down  to  the  level  of  the  oltl  valley  befure  the  ice  over* 
whelmed  it.  Of  coui^sc  thts  rule  does  nut  ajtply  to  large 
tribiitiiry  valleys  carrying  se|)ai^te  glaeiei"s,  since  these 
would  be  eroded  by  the  ice  almost  as  deeply  as  the  main 
valley. 

The  three  features  of  the  vallej-lakes  of  daciatcd 
regions  now  pointed  out— the  absence  ot"  submerged 
ravines  or  river-channels  L-ither  of  the  main  river  or  of 
tr  i  b  u  tary  s  trcam  s ;  t  h  o  bas  i  n  -  fori  ns  oi  the  lak  e  bottoms 
and  the  frequent  occurrence  o(  two  or  more  sepamte  basins 
even  in  small  lakes;  and  the  simple  form  of  suriaee  con- 

'  Co|>i«il  fn>ni  a  portion  ol  live  iua|i  fit  p.  114  of  GeJkm's  Grw^i  ice 
Agt!,  i-tiken  from  iLe  Uniiiauce  Purvey  Mnp, 


I 


GLACIAL  ERaSION  OF  LAKE  BAf?lINi^ 


lift 


f  loar  of  all  this  class  ot  lakes,  ao  strongly  cx>Dtra^ting  with 
that  of  valleys  known  to  have  been  recently  .submerged, 
a«  woH  as  with  the  contour  lines  of  valleys  in  non* 
glaciated  districts  and  in  those  which  are  known  to  be 
po6t-gIacial — seem  to  attoixl,  as  nearly  as  the  case  admits, 
a  demonstration  that  the  lakes  presenting  these  features 
have  been  formed  by  eroaiim  and  not  by  submergence. 

It  may,  of  coarse,  be  urged  that  the  reason  the  lakes  in 
question  exhibit  smooth  contours  is,  because  the  lateml 
iBlets  which  once  existed  have  become  filletl  up  with  sedi- 
ment In  some,  perhaps  in  manVt  c^'isc^s  this  may  be  the 
•  explanation,  but  it  c^in  hartily  be  so  in  all,  considering  the 
very  limited  amount  of  material  brought  down  by  many 
o(  the  smaller  rocky  streams,  and  the  great  flepth  to  be 

»  til  let!  uj>  in  the  case  of  the  deeper  lakes.  In  Lake  Conio, 
for  example,  a  few  of  the  lateral  streams  have  formed 
small  projeeting  deltas,  but  they  evidently  mn  in  steep 
rock  beds  to  the  contou  i'  edge  of  the  lake,  not  one  of  them 
show^ing  any  sign  of  having  hail  a  ^submerged  nwine  now 
tilled  up  with  alluvium.  And  the  same  is  the  case  with 
the  takers  of  tieneva,    Brienz,   and    moHt  others.     When 

I  lateral  alluvial  valleys  at  all  commensumble  in  size  with 
the  depth  of  the  lake  are  proved  to  exist,  this  objection 
may  be  uuide.  At  present  it  is  a  mere  supposition. 
In  connection  with  this  subject  may  be  noticed  the 
many  causes  in  whieh  Aljunc  valleys  ]>resent  indications  of 
having  been  gi-eatly  deejieued  by  glacial  erosion,  although, 
awing  either  to  the  slope  of  the  ground  or  the  tinifonuity 
of  the  iee-acti(jn,  no  lake  has  been  produced.  In  some 
valleys,  as  in  that  of  Lauterbrunnen,  the  trough  between 

tthe  vertical  rock- walls  wtus  probably  partly  formed  before 
the  ice  age,  but  wils  greatly  deepened  by  glacial  erosion, 
the  rt'sult  being  that  tht'  tributary  strciims  have  Hoi  since 
had  time  to  excavate  ravines  af  etjual  depth  with  the  main 
valley,  and  therefore  form  a  series  of  casciides  over  the 

Iiatenvl  precijiices,  of  which  the  Staiibbach  is  the  finest 
exanijde*  In  many  other  cases,  h^jwever,  the  side 
Btrt?anis  have  cut  wonderfully  narrow  gorges  by  which 
they  enter  the  main  valk^y,  This  work  was  probably 
begun    by  a    sub-glaeial   stream,  aiuj    the  action  of  the 
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ainiosphore  being  shut  out  by  the  supcrincutnbeDt  ioe 
and  all  variation  of  tcmpemture  avoid ed^  the  torrent  cut 
for  itself  a  very  narrow  groove,  sometimes  with  overhang- 
ing sides,  as  it  found  layers  of  somewhat  sofU^r  rock  to 
eat  away ;  and  the  upper  surface  of  the  rock  b<.'in^ 
ground  Binooth  by  the  ice,  the  atmosphere  has  had 
little  effect  since,  and  the  gorge,  white  deepened  below, 
has  retnained  as  restricted  ab<ive  as  when  first  eroded. 
Such  arc  the  gorgets  of  the  Trient,  L^^ak,  Pfaffers,  and 
many  others  well  known  to  Alpine  tiiuri.sts,  T  am  not 
awaix*  w^hether  such  extremely  narrow  wimling  gorges, 
often  only  two  or  three  feet  between  the  ro^k  walls,  are  to 
be  found  in  cram  tries  which  have  never  been  glaciated.  1 
ilo  not  myself  remember  reading  of  any,  though  of  course 
tremendously  deep  ravines  are  common,  but  these  are  of 
quite  a  tliffenmt  charaetc*r.  Should  it  be  found  that 
these  extremely  narrow  rock- wal ltd  gorges  are  jieculiar  to 
glaciated  districts  they  will  affonl  us  a  means  of  estimating 
the  amount  of  gkicial  erosion  in  valleys  where  no  lake 
basins  have  been  formed.^ 

Tkt  Lake  of  Gfncva  as  a  TcM  of  the  Eivfil  Tkriff*i€S. — When 
I  recently  bi'gan  to  study  this  question  anew,  I  wvas  inclined 
to  think  that  the  largest  and  deepest  of  the  Alpine  lakes, 
such  as  Geneva,  Constance,  Lrfigo  Maggiore,  and  I^ago  di 
Garda,  might  perhaps  have  originatwl  from  a  cond:jination 
of  earth -movements  with  ice -erosion.  But  on  further 
eonsidcnition  it  appeal^  that  ail  the  chanujteriiitic  features 
of  erosion  are  present  in  these  jis  fully  as  in  the  smaller 
lakes.  They  ai-e  situated  in  the  lai^est  river- valleys  or  in 
]>ositions  of  greatest  concentration  of  the  glacier -stream  ; 
their  contoui*s  and  outlines  are  those  of  eroded  Kasins ; 
while  all  the  difhcnlties  in  the  way  of  an  origin  by  earth- 
movements  are  as  prominent  in  their  case  as  in  that  of  any 
other  of  the  lakes.  I  will  therefore  (liseuss,  tii-st,  s^imc  of 
Lhe  chief  objections  to  the  erosion  theory  ixh  ajiplieil  to  the 
above  nanunl  lake,  and  then  consider  the  only  alternative 
theory  that  h^ks  obUuncd  the  acceptance  of  modem  writers. 

One  of  the  Hi^t  objections  made  was,  that  the  lake  did 
not  lie  in  the  direction  of  the  gi'eatest  action  of  the  glacier, 

'  Some  evidence  on  tliia  point  wiU  be  found  in  the  next  tha^Jter. 
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which  was  straight  Bjcrms  to  the  Jura  where  the  highest 
erratic  blocks  arc  found.     This  was  urged  by  Sir  Charles 

tyell  immediately  after  Ramsay *s  paper  was  read,  and  as 
t  has  quite  recently  been  put  iiirth  by  Professor  Boiiney, 
i  would  appear  to  be  thought  to  be  a  real  difficulty.     Yet 

little  consideration  will  show  that  it  ha.s  not  the  slightest 

eight.  The  lake  was  not  erodefl  in  the  line  of  motion  of 
IWtral  and  highest  jiart  of  the  old  glacier,  because  that 
'^Mb  over  an  elevated  and  hilly  jilatean,  which  is  even 
from  five  hundred  to  a  thousand  teet  above  the  lake, 
id  was  then  even  higher,  si  nee  the  iee-sheet  certainly 
effected  some  erosion.^  The  gre^ilest  arni>uut  of  erosion 
was  of  cfjurse  in  the  hroad  and  nearly  level  valley  of  the 
pre  glacial  Rhone,  which  followt^d  the  great  curve  of  the 
existing  hike,  and  had  prmlnceil  st^  open  a  valley  bteattsc 
the  rocJ,nt  m  thd  direct  IrM  tfxrc  mdit/  dcnu(kd.  CJbjeetors 
invariably  forget  or  overlook  thr  indisjuiUible  faet  that  the 
existence  of  a  broad,  open,  Hat-bottomed  valley  in  any  part 

"  a  river's  course,  proves  that  the  rocks  were  there  either 
softer  or  more  friable,  or  more  soluble,  or  by  some  com- 
bination of  characters   more  family  denuded.     A  nujuber 

f  favounible  conditions  were  combined  to  render  icc- 
'erosion  easy  in  such  a  valley.  The  roek  wttw,  as  we  have 
shown,  more  easy  to  erode ;  owing  to  the  low  level  the  ice 
was  thicker  and  harl  greater  weight  there  than  elsewhere  ; 
owing  to  the  Hatneas  and  openness  of  the  valley  the  ice 
moved  more  fruely  there ;  owing  to  the  hjng  previous 
urse  of  the  gUieier  its  under  surface  woidd  be  heavily 
kiaded  with  rot:k  and  grit^  which,  during  its  whole  course 
would,  by  merc!  gmvitJition,  have  been  slowly  w^orking  its 

ay  downward  to  the  lowest  level ;  and,  lastly,  all  the 
b-glaclal  torrents  wuuki  accumuhite  in  this  lowest  valley, 
and,  as  erositm  went  on,  would,  perhaiis  undi."r  hydn.>stiitic 
ipressure,  wash  away  all  the  giound-ont  material  and  so 
i)it.£ile  erosion.  To  ask  why  the  lak<*  was  furmud  ia  the 
Valley,  where  evLTythint;  favoured  t-rosion,  rather  than  on 
the  plateau  where  everything  was  against  it,  is  to  rnake 
mei-e  verbal  objections  which  have  no  relation  to  the 
conditions  that  actually  existed. 
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Another  objection  almost  equally  beside  the  real  ques- 
tion is  to  ask  why  the  deepest  part  of  the  lake  is  near  the 
south  or  convex  side,  whereas  a  stream  of  water  always 
exerts  most  erosive  force  against  the  concave  side,*  The 
answer  is,  that  ice  is  not  water,  and  that  it  moves  so 
slowly  as  to  act,  in  many  respects,  in  quite  a  different 
manner.  Its  gix-atest  action  is  where  it  is  deepest — in  the 
middle  of  the  ice  stream — while  water  acts  least  where  it 
b  deepest,  and  mom  forcibly  at  the  si  tie  than  in  the 
middle.  The  lake  is,  no  doubtt  deepest  in  the  line  of  the 
old  river,  where  the  %^alley  was  lowest ;  and  that  may  well 
have  been  nearer  the  scmthem  than  the  northern  side 
of  the  lake. 

Another  frequently  urged  objection  is,  that  as  the  glacier 
has  tivi  widened  the  narrow  valley  from  Marti gny  to  Bex 
it  could  not  have  eroded  a  lake  nearly  a  thousand  feet 
deep*  This  seems  to  me  a  complete  fwn  BepiUur.  As 
a  glacier  erodes  mainly  by  its  vertical  pressure  and  by  the 
completeness  of  its  grinding  armature  of  rock,  it  is  clear 
that  its  grinding  powder  laterally  must  have  been  very 
much  less  than  vertically,  both  on  account  of  the  smaller 
pressure  because  it  would  mould  itself  less  closely  to  the 
ever-varying  rocky  protuberances,  and  mainly,  perhaps, 
because  at  the  almost  vertical  sides  of  the  valley  it  would 
have  a  very  small  stony  annature,  the  blocks  continiuilly 
working  their  way  dowiiwaixl  to  the  bottom.  Thus,  luncb 
of  the  ice  in  contact  with  the  sides  of  narrow  mvines  might 
be  frtie  of  stones,  and  would  therefore  exert  hardly  any 
grinding  jjowen  It  is  also  quite  certain  that  the  ice  in 
this  nan*ow  valley  rose  to  an  enormous  height,  and  that 
the  chief  motion  and  also  the  chief  erosion  w^ould  be  on  the 
lateml  slo}X!S,  while  the  lower  strata,  wedged  in  the  gorge, 
would  be  almost  stationary. 

The  most  rt^cent  researches,  according  tn  M.  Falsan,  show 
that  the  thickness  of  the  ice  has  been  usually  underestim- 
ated. A  teruiinal  moraine  on  the  Jura  at  Chasseron  is 
i.OOO  feet  above  the  sea,  or  2,770  feet  above  Geneva,  In 
order  that  the  upiK'i"  surface  of  the  ice  should   have  had 

^  FalKiin,  La  Pirioth   (V/af'wirr,  p,    153.     Fikbre,  Origins  deit  Lme« 
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sufficient  incline  to  flow  onward  m  it  did,  it  was  probably 

5,000  or  6,000  feet  below  Martigny  and  4,000  or  5,000 
feet  over  the  middle  of  the  lake.  It  ia  certain,  at  all 
events,  that  whatever  thick  neisw  was  neceasary  to  cauae 
onward  motion  that  thieknes,'^  could  not  fail  to  be  produced, 
since  it  is  only  by  the  onward  motion  to  some  outlet  or  low- 
'iimd  where  the  ice  can  be  melted  away  as  fast  as  it  is 
renewed  that  indefinite  enlargement  of  a  glacier  is  avoided. 
The  eiisential  condition  for  the  formation  of  a  ghicier  at  all 
is,  that  more  ice  should  be  produced  annually  than  is 
tuelted  away.  So  long  as  the  quantity  pmrluced  is  on  the 
average  more  than  that  melted,  the  glaciers  will  increase  ; 
and  as  the  more  extended  surface  of  ice^  up  to  a  certain 
point,  by  forming  a  refrigerator  helps  its  own  extension,  a 
very  small  permanent  an n mil  surplus  may  leml  to  an  enor- 
mous extension  of  the  ice.  Hence,  if  at  any  stsige  in  its 
ilevelopment  the  end  of  a  glacier  remains  sUitionary, 
cither  owing  to  some  obstiicle  in  its  path  or  to  its  having 
reached  a  level  plain  where  it  is  unable  to  move  onwani, 
the  annual  suqjhis  of  ice  protluced  will  go  to  increase  the 
thickness  of  the  glacier  and  its  upper  tijlope  till  motion  is 
pj"odnced.  The  ice  then  flows  onward  till  it  reaches  a 
district  warm  enough  to  briTig  about  an  equilibrium 
between  growth  and  dissolution.  If,  therefore,  at  any 
stage  in  the  growth  of  a  glacier  a  thickness  of  six,  seven, 
or  even  eight  thousand  feet  is  needed  to  bring  about  this 
result,  that  thickness  will  inevitably  be  prtKluced,  We 
know  that  the  glacier  of  the  Hhoue  dul  move  onwani  to 
the  Jura  and  beyond  it ;  that  the  northward  branch 
flowed  on  beyond  Holeure  till  it  joined  the  glacier  of  the 
Bhine;  and  that  its  southern  branch  carricKl  Alpine 
erratics  to  the  country  between  Bourg  and  Lyons,  more 
than  200  miles  from  its  source.  We  know,  ttxv,  that 
throughout  this  distance  it  moved  at  the  bottom  as  well 
*is  at  the  t<j)K  by  the  rounded  and  polished  rocks  and  beds 
of  stiff  buulder  clay  which  are  found  in  almost  every  part 
of  its  course. 

In  view,  therefore,  of  the  admitted  facts,  all  the  ob- 
jc^ctions  alleged  by  the  best  authorities  are  entirely 
wimtiug  in  real  force  or  validity ;  while  the  enormous  uvi^fe 
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and  weight  of  the  glacier  and  its  long  duration,  jis  indi- 
cated by  the  gi*eat  distanct^  lo  which  it  extended  beyond 
the  site  uf  the  lake,  render  the  excavation  by  it  of  such  a 
basin  as  citsy  to  conceive  as  the  grinding  out  of  a  small 
alpine  tani  by  ice  nob  one-fourth  as  thick,  and  in  a  aitua- 
tion  where  the  grinding  material  in  its  lower  strata  would 
probably  be  cotnjiaratively  scanty. 

We  have  now  to  consider  the  theory  of  Desor.  adopted 
by  M.  Favre,  and  set  forth  in  the  recent  work  of  M,  Fakan 
as  being  *'  more  precise  and  more  accepUible  *'  than  that 
of  Rauis;iy.  We  are  firwt  made  acquainted  witli  a  fact 
which  I  have  not  yet  alluded  to,  and  which  most  writers 
on  the  subject  either  fail  to  notice  or  attempt  to  explain 
by  theories,  jls  comj)ared  with  whitth  that  of  lisirnsjiy  is 
simple,  probable,  anrl  easy  f^f  comprehension.  This  fact  is, 
that  around  C»eneva  at  the  outlet  of  the  lake,  as  well  as  at 
the  on t lets  of  the  other  great  lakes,  there  is  spread  out  an 
old ailnviuni  which  is  always  found  ftiidcrn^filk  tht:  boulder- 
ckty  and  other  (jhtdid  drjumts.  This  alluvium  is,  more- 
over, admitti-d  to  be  formed  in  every  case  of  uiaterials 
largely  derived  from  the  grout  Alpine  range.  Now  here 
is  a  fact  which  of  itself  amounts  to  a  demonstration  that 
the  lakes  did  not  ej^i%t  before  the  ice  age;  because,  in  that 
case  all  the  Alpine  debris  would  be  intercei>ted  by  the 
lake  (as  it  is  now  intercepted;  and  the  alluvium  below 
the  glacial  flepjsits  would  be,  in  the  CfVS4>  of  Geneva,  that 
formed  by  the  wash  from  the  adjacent  slopes  of  the  Jura ; 
while  in  every  case  it  would  be  local  not  Alpine  alluvium. 

Professor  James  Geikie  infonns  me  that  he  considera 
the  so-called  "old  alluvium "  to  bo  probably  only  the 
Hu\  io-glaeial  gnxvels  and  siinils  swept  out  from  undenieath 
the  advancing  glacier,  and  therefore  to  he  no  older, 
geologically,  than  the  moraine  nxatter  which  overlies  it.  ■ 
The  Swiss  geologists,  however,  do  not  appear  to  hold  this  ■ 
view,  since  they  have  recourse  to  a  very  remarkahle 
hypothesis  in  order  to  overcome  what  they  evidently 
believe  to  be  a  real  difficulty  in  the  way  of  the  pre- 
glacial  origin  of  the  lake.  The  suggested  explanation  is 
as  follows:  At  the  beginning  of  the  ice  age  the  glacier 
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of  the  Rhone  crept  on  down  its  valley  past  Martigny  and 
St,  Maurici*  till  it  roiichod  thi-  Liku ;  it  is  thun  siippusi^tl 
not  to  havti  nuirohed  on  with  an  icowall,  say  five  hundred 
or  more  feet  high,  but  to  have  at  ouco  spread  unt  like  so 
much  Hoft  pitch,  and  to  havu  filled  the  lake  to  its  present 
water-level  or  thLneabouts.  Then,  over  this  great  piain 
of  ice,  the  ^ub-glacial  tt>rrent  of  the  Rhone  is  supposetl  to 
have  fliAVefl,  carrying  with  it  and  dope *m ting  at  the  end 
of  the  hike  that  ancient  alluvivnii  whieh,  somehow,  has 
got  to  1x^  accwunted  for!^ 

Having  thus  filled  the  lake  with  ice  instead  of  water, 
the  main  bf^dy  of  the  glacier  is  8ii|tjK)sed  to  start  afresh 
and  U>  travel  over  the  ice,  and  thns  obviate  the  imaginaiy^ 
difficidty  of  a  glacier  moving  up  hill,  though  every 
student  of  glaciers  now  admits  that  they  did  so,  and 
though  it  is  uni venial ly  acknowledged  that  this  very  glacit*r 
of  the  Rhone  ujoved  over  liigher,  steeper,  and  more  irregular 
hills  on  its  way  to  the  Jura  and  to  8t>leure. 

Now  this  exti"aordiuary  theory  involves  two  difficulties 
which  are  passed  by  in  silence,  but  which  seen;  to  entirely 
cfjntravene  all  that  we  knuw  of  the  naturc  of  glaciers,  and 
Ui  be  entirely  unsupiKvrted  by  facts.  The  hrst  is — the 
glacier  ceasing  to  move  on  warn  as  a  glacier,  but  spreading 
out  to  til!  up  a  lake  basin,  as  if  the  lake  were  simply 
frozen  to  the  bottom.  Is  this  conceivable  or  possible  ? 
I  think  not.  When  glacit^rs  come  down  to  a  fiord  or  to 
the  sjea  they  do  nut  spreail  out  laterally,  but  move  on  till 
the  water  is  deep  enough  to  buoy  them  up  and  break  off 
icebergs,  and  no  reason  is  given  why  anything  different 
should  have  happened  in  the  ease  of  the  great  Swiss  and 
Italian  lakes,  su imposing  they  existed  before  the  ice  age 
axme  on.  That  the  glacier  should  afterwards  slide  over 
this  level  plain  of  ice  is  equally  inconceivable,  in  view  of 
the  pro|>erty  of  regelation  of  ice  unfler  pressure.  Owing 
to  this  pnj]>t*rty  the  glacier  and  the  lake  ice  would  become 
one  mass,  and  wotdd  move  on  together  under  the  law  of 
deei-easing  velocity  with  depth.  This,  however,  is  of 
little  imjiortance,  if,  as  I  conceive  the  supposition  of  the 
formation  of  an  ice-shi'et  at  the  water  level  for  fifty  miles 
*  A,  Falsan,  La  P^Hoth  Otaciaift^  p,  135,  137. 
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in  advance  of  the  glacier  is  nn  impossible  one.  Tho  only 
other  theory  m,  that  the  lake  was  filled  iijt  by  alliu'ium 
before  the  ice  age,  and  that  the  glacier  n^-exciwated  it. 
I  have,  however,  already  given  rc^asona  why  the  glarier 
woidd  not  have  done  so,  and  the  veiy^  exi^t^ince  of  this 
ancient  alluvinni  in  the  coni'^^  of  the  ancient  glacier  is  a 
proof  that  it  did  not  do  so.  This  theory  seems  now  to 
have  no  siipportei's. 

Smfinutiy  of  the  Enifknc^. — As  the  subject  heredisenssed 
is  very  complex,  and  the  argument  essentially  a  cumida 
tive  one,  it  will  be  well  briefly  to  summarize  its  main  points. 

In  the  first  place,  it  has  been  shown  that  the  valley- 
lakes  of  highly  glaciated  districts  form  a  distinct  class, 
which  are  highly  chanicteristie  if  not  altogether  peculiar 
fiince  in  none  of  the  mountain  ranges*  of  the  tropics  or  of 
non-glaciated  regions  over  the  whole  woi'ld  are  any  similar 
takes  to  be  found. 

The  special  conditions  favourable  to  the  erosion  of 
lake- basins  and  the  nunle  of  action  of  the  ice- tool  are  then 
discussed,  and  it  is  shown  that  these  conditions  have  been 
either  overlo(»ked  or  ignored  by  the  opponents  of  the 
theory  of  ice*er<L>sion. 

Thi.*  objections  of  modern  writers  aiT  then  considerech 
and  they  are  shown  to  be  foundtd  either  on  mistaken 
ideas  as  to  the  mode  of  erosion  by  glaciers,  or  on  not  taking 
into  account  results  of  glacier-action  which  they  themselves 
either  admit  or  have  not  attempted  to  disprove. 

The  alternative  theory  —  that  earth -movements  of 
various  kinds  led  to  tho  production  of  lake-ba?iina  in  all 
mountain  ranges,  and  that  those  in  glaciated  regions  were 
preserved  by  being  filled  with  ice — is  shown  to  be  beset 
with  numerous  dirticulties.  physical,  geologieiil,  and  geo- 
graphical, which  its  supporters  have  nt>t  atteniptea  to 
overcome.  It  is  also  pointed  out  that  this  theory  in  no 
way  explains  the  occurrence  of  the  largest  and  deepest 
lakes  in  the  largest  river  valleys,  or  in  those  valleys  where 
thei^  was  the  greatest  concentration  of  ghiciei-s,  a  pecu- 
lianty  of  their  distribution  which  ])oints  directly  and  nn- 
niiBtakably  to  ice -erosion, 

A  crucial  test  of  the  two  theories  is  then  suggested  and 
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I  19  shown  that  both  the  sub-aqueous  contours  of  the 
lake-lmsiiis,  and  the  .superficial  outlines  of  the  lakeB,  are 
exactly  «ueh  as  would  be  produce*!  by  ice-erosion,  while 
they  could  not  jioijiaibly  have  been  caused  by  submergence 
due  to  any  form  of  earth -movements.  It  is  submitted 
that  we  have  ht^re  a  pusiti\'c  critcrii>n,  now  adduced  for 
the  fir^t  time,  which  ts  abwilutely  fatal  to  any  theory  of 
submersion. 

Lastly,  the  special  case  of  the  I^ake  of  Geneva  is  dis- 
issed,  and  it  is  shown  that  the  explanation  put  forth  by 
he  anti-glacialists  is  wholly  unsupported  by  facts,  and  is 
opjiosed  to  the  known  laws  of  glacier  motion.  The 
geologists  who  support  it  themselves  ftirnish  evidence 
against  their  own  theory  in  the  ancient  alluvium  at 
Geneva  on  which  the  glacial  dejxvsits  rest,  and  which  is 
^admitted  to  be  mainly  derived  from  the  distant  Aljm  But 
all  alluvial  matter  is  neceasai-ily  intercepted  by  large 
find  deep  lakes,  the  presence  of  this  Alpine  alhivium  im- 
niediately  beneath  the  glacial  debris  at  the  foot  of  the 
Inke,  indicates  that  the  lake  did  not  exist  in  pre-glneial 
tunes,  l>ut  that  the  river  Rhone  flowed  from  the  Alps  to 
eneva,  canying  with  it  the  <ifd  alluvium  consisting  of 

id,  sand,  and  gravel,  which  it  had  brought  down  from 
the  niount-ains.  Still  more  conclusive,  however,  is  the  fact 
that  the  three  spt^cial  features  which  have  been  shown  U> 
indicate  erosion  rather  than  siibujergence  are  present  in 
this  hike  as  fully  as  in  all  uther  Alptne  valley-lakes  and 

mistakably  point  to  the  glacial  origin  of  all  of  them. 


On  the  whole,  I  venture  to  claim  that  the  fixcts  and  con- 
siderations sc*t  forth  in  this  eha])ter  show  such  a  numbc^r 
t>f  distinct  lines  of  evidence,  all  converging  to  establish 
the  theory  of  the  ice-ei-osion  of  the  valley-lakes  of  highly 
laciatetl  regions^ — a  theory  first,  advocated  hv  the  late 
ir  Andrew  Kamsay — that  that  theory  must  bj  held  ti> 
established,  at  all  events  provisionally,  as  the  only  one 
w^hich  the  whole  hudy  of  the  facts  can  be  explained 
lid  hannuiiizetL 


EXPLANATION  OF  MAP  OF  THE  ANCIENT  RHONfl 
GLACIER. 


Outline  map  of  part  of  France  and  Switzerland,  showing  tiis  a 
of  the  ancient  Rhone  glacier  at  the  period  of  its  greatest  extoa 
to  illustrate  the  accQunt  here  given  of  the  dispersal  of  Alpine  cm 
as  well  as  of  the  erosion  of  the  basin  of  the  Lake  of  Geneva  bg 
glacier. 


Exrix^lNATlON. 

1.  The  parallel  and  diverging  blue  lines  sho\\^the  cou|9e8|Q| 
various  streams  of  erratics  carried  by  tlic  glacier.'  -^  "*• 

2.  The  arrows  ut  end  of  these  lines  show  the  ])ositioii8  of  the  i 
distant  Alpine  erratics,  or  of  drift  containing  fragments  of  A! 
rocks. 

3.  Tlie  Blue  figures  show  the  height  in  feet  of  the  ice-.<<urface  a 
sea-level,  as  shown  by  ice-woni  rocks  or  erratics  in  the  vicinity, 
actual  elevation  of  the  ice  was  pcrha])s  much  greater. 

4.  The  Black  figures  show  tlic  heights  of  land  or  water  surfaces  a 
sea-level. 

5.  Tlie  tributary  glaciers  (except  that  of  the  Arve)  are  omittec 
clearness  ;  but  the  whole  area  between  the  Alps  and  the  Jura,  ox 
a  few  high  summits,  was  burictl  in  ice. 


N.B.  The  lines  showing  the  coui*se  of  the  erratics  are  taken  : 
A.  Falsau's  large  map  publishe<l  in  18^7. 


CHAPTER  VI 


THE  GORGE  OP  THE  AA^  AKD  ITS  TEACHINOS 

There  is  perhaps  no  valley  in  Switzerland  that  offers 
to  the  tourist  so  much  variety  and  gmndeur,  and  to  the 
glacialist  so  much  instruction,  as  the  Hastithal  or  valloy 
of  the  Aar.  I  visited  it  for  the  first  time  last  summer, 
walking  over  the  Urim^el  Pass  to  the  Hospice  and  the 
Aar  glacier,  and  thence  akmg  the  old  niule-track  and  fine 
new  carriage-road  to  Meiringen  ;  staying  there  three  days 
to  visit  the  Reichenbach  Falls,  the  Kirchet  Hill,  the 
gorge  of  the  Aar,  and  other  interesting  localities.  It 
seemed  to  me  at  the  time  that  the  jjhenoniena  presented 
by  this  valley  afforded  a  striking  example  of  the  vast 
amount  of  glacial  erosion,  and  that  some  of  the  conclu- 
sions to  which  they  point  had  been  overlooked  by  English 
writers.  They  give  us,  in  fact,  a  fresh  and  very  powerful 
argument  in  support  of  the  power  of  the  ancient  glaciers 
both  to  deepen  valleys  and  to  ginnd  out  lake- has  ins ;  and 
I  now  propose  to  lay  before  my  reuriers  the  facts  which 
lii^em  to  me  to  prove  the  correctness  of  this  view, 

The  Grimsol  Pfiss  is  a  low  one,  only  a  little  over  7,000 
feet,   but  for   this  reason,  and    because  it  lies    directly 

itwe^n  extensive  areas  of  peqietual  snow,  which  give 
to  some  of  the  finest  glaciers  in  Switzerland,  it  has 
be^n  very  largely  ice-ground  and  pi'esents  a  scene  of 
navage  grandeur  which  is  often  absent  from  higher  passes. 
Everywhere  the  rocks  are  groimd  into  huge  domes  or 
smooth  slopes  or  rounded  hollows,  and  these  ice-ground 
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contours  extend  to  at  least  a  thousand  feet  higher,  above 

which  level  the  mountains  rise  in  sharp  peaks  or  Bemited 
ridges.  The  descent  towards  theGrirasel  Hospice  is  very 
grand,  owinj3^  to  the  enormous  surfaces  of  smooth  ice- 
ground  rocks  of  the  hanlest  gneiss,  which  plunge  down 
at  a  very  high  angle  for  nearly  a  thousand  feet  into  the 
curious  little  enclosed  valley,  with  its  two  small  rock-basin 
lakes,  in  which  the  hospice  is  situated.  Here  we  see  an 
example  of  the  effects  of  a  kind  of  eddy  in  the  old  ice 
~  treams  to  which  I  think  sufficient  attention  has  not  been 
paid.  The  torrent  from  the  Aar  glacier  comes  in  from  the 
west,  but  before  reaching  the  Hospice  tum^  oft'  abruptly 
through  a  narrow  gorge  into  the  main  valley,  nmning  at 
first  nearly  north.  But  looked  at  from  above,  this  gorge 
is  invisible,  and  it  seems  as  if  the  valley  from  the  glacier 
continocKl  through  the  two  small  lakes  further  to  the  east. 
It  is  evident  that  when  this  district  was  buried  deep  in 
ice  very  little  of  it  could  escaije  through  the  goi^.  but 
must  have  flowed  o%^er  the  higher  slopes,  while  the  por- 
tion in  the  valley,  fed  by  ice-streiims  from  nearly  opposite 
directions,  would  acquire  a  sIoav  eddying  motion  which 
would  greatly  aid  its  grinding  power,  and  thus  account  for 
the  land-locked  valley  and  the  two  small  rock-basin  lakes. 
Proceeding  down  the  valley  we  see  on  all  sides  precipi- 
tous slopes  of  ice-worn  rocks,  some  of  which  are  so  smooth 
and  so  extensive  that  steps  have  had  to  be  cut  in  them  to 
form  the  old  inule-jmth,  the  new  road  here  going  on  the 
opposite  side  of  the  valley.  Usually  the  valley  is  narrow 
or  V-shaped,  but  in  several  placets,  where  it  widens  out, 
as  a  little  below  the  Grimsel  gorge,  above  the  Handeck 
fall,  and  especially  at  Guttannen  about  half  way  to 
Mciringen,  there  is  more  or  less  of  fiat  valley  bottom, 
suggesting  fillcd-up  lake* basins*  and  showing  that  in  these 
places  the  valley  is  of  the  U-form,  which  is  held  to  be  the 
characteristic  result  of  glacial  erosion.  Why  this  form  is 
not  more  general  seems  to  me  to  be  due  to  the  character 
of  the  pre-existing  valleys.  Where  these  were  narrow  and 
precipitous,  with  the  features  of  ordinarj^  mountain  gorges, 
the  greater  part  of  the  weight  of  the  ice  would  rest  upon 
their  .slopes,  which  would  be  ground  or  split  off  as  the  ice 
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ived  downwards,  while  it  would  hardly  penetrate  at  all 
into  the  narmw  valley  bottom,  or  if  it  did,  would  bo  so 
checked  in  its  motion  by  tht?  fric^tion  of  the  niggtid  sides, 
craggy  projections,  and  eoni^tant  change  of  direction  as 
to  cause  very  little  erosion.  For  this  reason  the  higher 
n&jTOw  and  deep  valleys  exhibit  only  those  indications  of 
superficial  grinding  which  have  been  thought  to  prove 
that  glaciers,  however  large,  have  no  grent  erosive  power ; 
but  whenever  we  reach  the  lower  levels,  where  the  original 
valleys  were  themselvas  wirier,  wo  fintl  proofs  of  much 
greater  grinding  power,  both  vertical  and  horizontal  lead- 
ing to  the  characteristic  U-forms,  which  are  so  well  seen 
in  the  valley  of  Meiringen  and  in  the  lakes  below  it^  in  the 
Irfiuterbrunnen  valley  in  the  Rhone  valley  between  Mar- 
ti gny  and  Brieg,  and  especially  in  the  grand  vertical 
reci pices  which  bound  the  Ltike  of  Lucerne  throughout 
easteni  half  and  its  south-western  ann* 

It  18,  however,  after  passing  through  the  narrow  gorge 

between  the  hamlets  of  Inner  and  Outer  Urweid,  with  its 

icturesque    waterfall ^    which    the   coach  I'oad  passes  by 

nnclliog  under  it^that  we  approach  the  most  mmarkable 
feature  of  the  district,  The  valley  rapidly  widens,  with 
a  perfectly  Hat  bottom,  till  at  Inuertkirchen  it  becomes 
nearly  a  mile  wide.  Here,  on  the  right,  the  united  waters 
of  the  Gad  men  and  Gen  thai  valleys  form  a  junction  with 
the  Aar,  issuing  out  of  a  narrow  gorge  between  lofty 
rocks ;  but  the  most  striking  object  is  the  barrier  of  the 
Kirchet,  which  extends  cpiito  across  the  valley,  rising 
abruptly  to  the  height  of  500  feet  above  it,  and  appearing 
entirely  to  dam  the  coui^se  of  the  foaming  torrent  which 
has  now  become  a  good-sized  river.  Passing  along  the 
high  road,  which  by  three  great  zigm^s  mounts  up  the 
steep  ascent,  the  entrance  to  the  gorge  is  not  visible ;  and 
it  is  only  after  crossing  the  hill  and  descending  on  the 
other  side  into  the  wide  alluvial  plain  of  Meiringen  that 
the  stream  is  again  seen  as  a  considerable  and  rapidly 
flowing  river.  It.  has  passed  through  the  hill  by  the 
celebratetl  Aarschlucht,  one  of  the  most  remarkable  gorges 
in  Europe,  which  is  now  rendered  easily  accessible  by  a 
wooden  platform  suspended  a  few  feet  above  the  a\vrfaje;feoi 
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the  water,  and  extending  far  about  two-thirds  of  the  total 
length  of  the  gorge,  or  nearly  half  a  mile. 

On  entering  tlie  gorge  we  are  struck  by  its  extreme 
narrowness,  usually  not  more  than  six  or  eight  feet,  often 


Fin,    12^. — THB    AARSCIJLCCBT, 


not  more  than  four^  and  in  some  places  even  less;  its 

great  depth,  fi^om  200  to  800  feet,  and  its  remarkable 
uniformity  of  width  not  i>en^eptihly  inere^ising  npwank 
The  sides  are  cut  away  in  ciirvej^  nr  hallows  such  iis  would 
be  caused  by  tumultuous  eddying  waters ;  the  walls  fre- 
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recede  again j  ao  that  ifc  b  only 
ho  re  rind  there  that  they  are  sufficiently  vertical  to  enable 
UH  to  thatch  a  gUinps^  of  the  sky^  antl  wherever  we  do  so 
we  aee  that  the  upper  edges  of  the  chasm  are  little  Jfany^ 
farther  ap^irt  than  are  the  rock-wall^  between  which  we 
walk.  The  whole  surflice  of  the  rt>ek — a  hard  crj^stallino 
limestone — is  evidently  water- worn,  never  presenting  sur- 
faces due  to  fracture  except  perhaps  where  a  lateral  stream 
enters  by  a  pietnresque  c^iscade  falling  over  a  vortical 
rock,  and  where  the  gorge  opens  out  so  that  daylight  and 
sunlight  freely  enter  it.  The  artificial  causeway  finishes 
here  a  dry  lateral  gorge,  with  a  steeply  rising  floor  of 
earth  and  vegetable  debris,  affords  an  exit  to  the  plateau 
and  the  road  from  Meiringen.  This  short  lateral  gorge  ia 
of  especial  interest,  because  it  reproduces  in  almost  every 
detail  the  featui"es  of  the  main  gorge,  being  about  the 
same  average  width,  having  similar  walls  of  hollow  cur- 
vilinear form,  and  being  equally  nan-ow  to  the  very  top. 
This  lateral  gorge  is,  however,  quite  dry,  and  even  in  the 
wettest  seasons  can  hardly  have  more  than  a  trickle  of 
water  because  it  has  no  catchment  basin,  opening  out  as  it 
does  on  the  to[j  of  the  bossy  limestone  rocks  of  the  narrow 
ridge  of  the  Kirehtjt.  Hence  we  I'each  the  iin|iortant 
conclusion  that  this  gorge  could  not  have  been  formed  by 
water  derived  from  ordinary  streams,  unless  at  a  period  so 
remote  that  the  whole  surface  contours  of  the  district  were 
very  different  Irom  what  they  are  now.  The  only  explana- 
tion that  seems  to  tvccortl  with  the  facts  is,  that  we  have 
here  the  result  of  the  action  of  sub  glacial  torrents  aetiJig 
throughout  the  whole  period  during  which  the  area  was 
buried  in  ice.  Thus  only  are  we  able  to  explain  the 
fact  of  the  almost  nniform  narrowness  of  the  goi^e  from 
bottom  to  top,  since  during  the  process  of  its  formation 
the  rock-walls  would  be  preserved  from  ordinary  denuding 


agencies,  probably  by  a  plug  of  icx\and  be  kept  at  a  nearly 
uniform  temperatm^e.  Hence  we  have  the  actual  surface 
as  it  wajs  left  by  the  glacial  waters,  and  its  extreme  narrow- 
ness together  with  the  luxuriant  vegetation  which  covers 
the  plateau  and  fringes  the  edge  of  the  chiism,  aided  also 
by  the  comparatively  mild  cUmate  of  the  lower  valley, 
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have  pitjserved  for  us  one  of  the  moat  curioii.H  and  inKtiiic- 
tive  pi'oducts  of  the  great  ice-age.  This  view  of  the  origin 
of  the  gorge  m  that  adopted  by  Professor  Bonney,  who,  in 
his  paper  read  before  the  Royal  Geographie-al  Society  in 
1893,  says,  *'  This  chasra  has  been  sawn  by  the  sub-glacial 
torrent,  while  the  ice  itself  has  moulded  every  rock  on  the 
banner  into  billowy  undulations/'  I  may,  therefore,  take 
it  for  granted  that  this  view  is  held  by  most  geologists 
who  have  attended  to  the  subject,  and  it  appears  to  me  to 
be  the  only  re-asonable  one ;  yet  it  is  so  imi>orfcant,  and 
leads  to  eonelusions  so  entirely  oyiposed  to  the  views  ex- 
pressed bv  Professor  Bonney  in  the  same  jiaper,  that  it 
seems  advisjible  to  ascertain  whether  any  collateral  evidence 
CBD  be  obtained  in  support  of  it. 

U'here  are  in  Hwitzerland  a  number  of  other  gorges 
which  have  the  same  general  ehamctei^,  of  being  decidedly 
water-worn  throughout,  very  narrow  and  deep,  and  of 
approximately  the  same  wndth  from  bottom  to  top ;  but 
they  are  all  formed  by  lateral  streams  where  entering  into 
a  main  valley,  not  in  course  of  the  main  valley  itself 
Such  are  the  gorges  of  the  Trient  at  its  outlet  to  the 
Rhone,  that  of  Pfceflers  on  the  Bhine,  and  many  others  of 
less  importance  on  the  tributaries  of  other  Alpine  rivers. 
In  many  of  the  larger  valleys  abnost  every  lateral  tributary 
entei-s  the  main  stream  either  by  a  cascade  or  by  a  goi'ge 
of  this  ctiaracter,  these  gorges  usually  being  the  outlet  of 
the  drainage  of  cougiderable  valleys,  the  stream  appearing 
to  have  cut  through  a  rocky  barrier  similar  to  that  of  the 
Aar,  but  on  a  less  impressive  scale.  Now  all  the  gorges 
which  have  these  special  characters  have  almost  certainly 
been  formed  in  the  same  way — by  sub-glacial  torrents, 
and,  if  so,  the  presence  of  such  gorges  w^ouTd  be  an  indica- 
tion of  geijkjgically  recent  glaciation.  It  is  true  that  simi- 
lar gorges  may  have  been  sometimes  fonned,  without  the 
intervxmtion  of  an  ice*coveriDg,  in  rainless  districts  where 
sub-aerial  denudation  would  not  eat  away  the  upper  lips 
of  the  chasm  aj^  it  was  being  formed.  This  is  to  some 
extent  the  case  in  the  canons  of  the  Colorado  ;  but  although 
the  lower  portions  may  exhibit  the  effectu^  of  water  erosion 
onJj,  being  by  their  great  depth  kept  at  a  nearly  uniform 
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temperature,  the  upper  portions  of  these  caHoBS  have  been 
greatly  widened  an dT  everywhere  exhibit  surfaces  of  frac- 
ture and  sub-aerial  erosion,  largely  due  to  the  gre^t 
and  rapid  alternations  of  temperature  to  which  they  are 
exposed. 

If  this  view  of  the  format  ion  of  these  water*  worn  goi^es 
i»  correct  they  ought  to  be  found  only  in  regions  which 
have  been  recently  glaciated,  and  it  will  be  interesting  to 
inquire  if  this  is  the  ciise.  In  our  own  country  we  have 
many  small  gorges  of  this  charact*.*r,  in  Wales,  the  Lake 
District,  and  Scotland,  that  of  Dungeon  Gill,  in  West- 
moreland, being  an  example ;  but  none  are  to  be  found  in 
decidedly  non -glaciated  areas,  such  as  Devonshire,  though 
narrow  ravines  are  common  enough.  So  in  the  Northern 
United  States  there  are  many  such  gorges,  the  An  sable 
Chastn  in  the  Adiromlacks,  and  Watkin  Glen  near  Seneca 
Lake  are  well-known  tourist  resorts ;  but  in  the  Southern 
States,  beyond  the  glaciated  area,  there  are  no  similar 
gorges,  although  the  southeni  Alleghanies  are  loftier  than 
forther  north,  and  contain  much  grand  and  picturosque 
mountain  scenery  and  many  waterfalls  and  deep  ravines, 
but  these  are  all  of  the  rugged  and  weathered  type. 

The  best  test,  however,  of  these  vertical  gorges  being 
really  produccsd  by  suh-ghicial  torrents,  will  be  t^  ascertain 
whether  they  occur  in  any  extensive  tropical  mountiiin- 
region  where  there  has  certainly  been  no  recent  glaciation, 
Brazil  seemed  to  me  to  be  such  a  country,  of  great 
extent,  mountainous  throughout  a  large  jmrt  of  its  area, 
and  very  thoroughly  explored.  I  therefore  wrote  to  my 
friend,  Professor  Bninner,  of  the  Stanford  University, 
Ciilifomia,  who  spent  three  years  in  making  a  geological 
survey  of  Brazil,  vi^siting  every  part  of  the  country  and 
paying  special  attention  t<:»  all  the  physical  features  of  the 
surfttce. 

In  reply  ttJ  my  ini|uiry,  Professor  Branner  writes  as 
follows : — 

*'  What  you  say  of  certain  channels  in  Switzerland  is 
certainly  most  interesting.  ,  .  I  recall  the  fact  that  there 
are  just  such  gorges  at  Grindelwald  and  at  Zermatt  open- 
ing from  beneath  the  glaciei^.     I  have  turned  over  in  my 
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mind  all  the  facts  I  have  in  regard  to  stream-cliaDnels  in 
unglaciated  areas,  and  I  cannot  recall  a  single  instaace  of 
such  a  gorge*  Those  most  nearly  approaching  it  are 
8oine  of  the  n>ouatain  gorges  in  the  diamond  regions  of 
Brazil,  but  those  belong  to  an  entirely  different  type." 
(Sketches  are  given  showing  deep  valleys  vertical  on  one 
side  and  sloping  on  the  other.)  *'  There  are  no  such  goi^es 
as  you  describ<L*  in  any  part  of  Brazil  that  I  have  seen, 
In  the  United  States  there  are  such  in  the  glaciated  area, 
such  as  Watkin  Glen  in  the  St4ite  of  New  York.  South 
of  the  glaciated  area  I  have  no  recollection  of  ever  ha%^ing 
seen  such  gorges." 

By  the  kindness  of  Mr,  Percy  Kendall  I  am  able  to 
give  a  phot4>-platc  of  one  of  the  gorges  referred  to  by 
Professor  Branner,  that  of  the  Gomer  glacier  at  Zermatt. 
It  exhibits  the  plug  of  n>tten  ice  filling  the  narrow  gorge 
and  the  sub-glacial  torrent  rushing  out  beneath  it.  It 
thus  shows  us  on  a  very  small  scale  the  actual  mode  of 
formation  of  the  Aan^hlueht  and  other  Alpine  gorges  of 
tho  same  character. 

I  have  endeavoured,  by  means  of  collateral  evidence,  to 
support  the  generally  accepted  view  that  the  gorge  of  the 
Aar  and  otheni  of  likc^  natine  have  been  wlioll)'  formed 
by  sub-glacial  torrents,  because,  if  they  have  bi^en  so 
formed,  they  afford  a  distinct  class  of  evidence  in  favour 
of  the  large  amoimt  of  glacial  erosion  in  general,  and  of 
the  theory  of  the  glacial  origin  of  the  Swiss  valleydakes 
*in  particular,  but  w^hich  has,  so  far  as  I  know,  been  over- 
looked by  most  writers  on  the  subject.  The  nature  and 
bearing  of  thLs  evidence  I  will  now  briefly  discuss. 

The  large-scale  Swiss  Governtoent  Map  shows  us  that 
the  valley  above  the  gorge  of  the  Aar  is  less  than  20  feet 
above  the  level  of  the  valley  below  the  gorge.  Both  am 
flat  alluvia!  plains  having  every  appearance  of  being 
hlleti-up  lake  basins.  The  Kirchet  hill,  pierced  by  the 
gorgCj  IS  about  450  feet  high,  the  highest  ice-ground 
bosses  being  nearly  600  feet,  while  the  lowest  i>oint  over 
which  the  road  p^iases  is  a  little  more  than  300  feet,  but 
this  notch  is  apparently  the  continuation  of  the  lateral 
gorge  already  described.     During  the  long  time  occupied 
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in   the  Gutting  of  the  great  gorge  by  the  tsub-gtaeial 

torrent,  the  Kirchet  itself  must  have  been  greatly  loweredp 
and  was  probably,  when  the  ice  first  reached  it,  at  least 
150  feet  higher  than  its  present  highest  bosses,  or  about 
800  feet  above  the  present  level  of  the  upper  plain. 
What  is  the  depth  of  the  alluvial  deposit  in  this  plain  we 
do  not  know,  but  as  it  6 3£ tends  more  than  two  miles  up 
the  valley,  with  a  rise  of  about  30  feet  in  a  mile,  it  is 
probably  not  less  than  200  feet  deep.  But  if  we  go  back 
to  the  pre-glacial  period  before  the  gorge  was  cut,  the 
valley-bottom  niiisfc  have  sloped  upward  from  the  level  of 
the  Kirchet,  and  must  therefore  have  been  about  800  feet 
higher  than  it  is  now.  It  follows,  that  while  the  gorge 
was  being  cut^  the  floor  of  the  valley  above  it  was  being 
ice*ground,  resulting  in  a  basin  about  1,000  feet  deep  if  we 
add  200  feet  for  the  supposed  depth  of  alluvial  deposits. 

The  cause  of  the  exceptional  grinding  power  of  the 
glacier  in  this  part  is  very  cle^r.  From  the  Grimsel 
downwards  all  the  lateral  tributaries  are  short,  but  just 
'whete  the  valley  widens  above  Innertkirchen,  the  Urbach 
valley  opens  from  the  souths  bringing  the  outflow  of  the 
Gaull  glacier,  and  a  little  farther  on  a  large  valley  opens 
from  the  north-east,  having  a  drainage  area  about  equal 
to  that  of  the  Aar  itself,  and  which  must  have  nearly 
doubled  the  size  of  the  main  ice-stream  by  the  tributaries 
from  the  Trift,  the  Susten,  and  the  Titlis  glaciers.  The 
effect  of  these  great  inflows  fmtn  different  directions  must 
have  been  to  cause  a  helping  up  of  the  ice,  and  to  g:ive  it 
an  eddying  motion,^  thus  producing  the  powerful  gnnfling 
tool  which  hollowed  out  the  rock-basin  above  the  Kirchet. 
The  influx  of  this  great  ice -stream  from  the  north-east 
will  also  explain  the  curious  abruptness  of  the  Kirchet 
hill,  which,  almost  like  a  wall,  blocks  up  the  valley,  and 

*  i^me  writers  abject  that  Ihere  is  no  evidence  of  ecltljea  occurring  in 
iuo.  But  Mr.  K.  J.  (Itwwtmdf  in  hh  paper  on  the  lUaoial  PbetKimeiia 
of  Bpitzber^iin  (Q.J.ILS.,  Nov.  4,  iHfm,  p.  B83),  actudly  ubsc^rvetJ 
eddiefi  m  tiiy  gltwjier.  He  wtys :  **  In  places  ftlao  e<lcliea  mny  Ih? 
observed  distinctly  cotnparnble  with  the  swhi  of  river  water  in  the 
neig]il>ourho<xl  of  aubmergcMi  rocka,  «o  tlifLb,  isven  wbere  no  rock  ia 
viHible,  the  pre^ynco  of  buntjd  tnountaio  ridgeft  may  often  be  inferred." 
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which  Professor  Bonney  has  advanced  as  an  ai^iueot 
j|gainst  the  theory-  I  arn  advocating;  He  says :  '*  This 
jgTBE^y  basin  might  well  he  ctaimeff  as  an  instance  of 
glacial  erosion — hy  which  indeed  it  possihly  may  have 
been  deepened ;  but  if  we  attribute  to  this  agency  the 
removal  of  all  the  nx^k  between  the  summit  level  of  the 
barrier  and  the  present  meadow-fltxir,  how  are  we  to 
explain  the  existence  of  the  steep  rocky  slope  down  which 
the  road  to  Imhof  descends  m  zigzags  ?  The  slopes,  in 
the  teeth  of  an  advancing  glacier  are  always  compam- 
tively  gentle,  and  very  unlike  those  which  are  presented 
by  this  rocky  rib/'  This  would  be  a  valid  objection  if 
the  Aar  glacier  had  continued  its  course  in  a  straight^  or 
nearly  stmight,  line  to  Meiringen ;  but  the  influx  of  a 
large  glivcier-streatn  from  the  north*east  must  have  m 
diverted  that  of  the  Aar,  that  the  resultant  flow  would 
have  been  across  the  lower  valley  and  almost  along  the 
steep  face  of  Kirchet  instead  of  directly  across  it.  This 
would  have  been  the  case,  because  the  glacier  stream 
from  the  north-enst  w^as  not  only  equal  in  size  to  that  of 
the  Aar  valley,  but  had  a  mure  mpid  descent,  and,  there- 
fore, a  quicker  flow.  In  the  last  five  miles  the  Aar 
valley  has  a  fall  of  about  1,500  feet,  while  the  two  north- 
ea'item  valleys  have  an  avenige  fall  of  about  2,000  feet  \ 
and  they  are  also  much  wiiler,  which  would  still  further 
facilitate  rapidity  of  outflow. 

The  influx  of  this  powerful  glai:ier  stream  from  the  north- 
east well  explains  the  main  physical  features  of  the 
district,  especially  the  nearly  uniform  plateau  of  the 
Geissholz  Alp,  at  about  the  same  ley  el  as  the  tt.>p  of  the 
Kirchet,  bouofied  by  the  line  of  precipices  extending  to 
the  Reichenbach  ftdls,  and  contimied  along  the  south  side 
of  the  valley.  On  the  north  side  the  plateaux  are  at  a 
higher  level,  indicating  that  the  motion  of  the  glacier  was 
there  leas  mpifl,  and  its  grinding  power  eorrei^pondingly 
diminished.  While  the  main  body  of  the  glacier  thus 
moved  onwanJ  to  wank  Thun,  the  meeting  of  three  glacier 
streams,  of  unequal  size  and  velocity  and  from  different 
directions,  would  produce  a  vast  ice-eddy  at  their  junction, 
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accompanied  bj  a  heaping  up  of  the  surface  and  great 
grinding  power,  thus  leading  to  those  curiously  embayed 
hollows  around  Eppigen  and  Inihof,  which  ai-e  not  found 
on  the  opposite*  side  of  the  valley,  where  the  glacier  had  a 
direct  onward  motion. 

It  appears,  therefore,  that  the  singular  phenomena  of  a 
great  valley  barred  fipcross  by  a  precipitous  rocky  ridge, 
which  is  pierced  only  by  a  narrow  water-worn  gorge,  aid- 
nut  ted  ly  sawn  down  by  the  debris-laden  water  of  the  sub- 
glacial  torrent,  does  afford  a  most  striking  additional  proof 
of  the  power  of  the  old  glacierii  to  grijid  out  rock-basiiis. 
The  only  escape  from  this  conclusion  is  to  asAl  in  the  aid 
of  hypothetical  local  subsidences  or  elevations  of  which  no 
direct  evidence  has  yet  been  found  And  when  w^e  see 
that,  besides  all  the  existing  valley -lakes  of  glaciated 
countries,  we  have  also  to  account  for  these  gorge-pierced 
rocky  dams  with  the  h!led-up  lake-btisins  above  them,  and 
for  the  number  of  other  filled-up  rock-hi.sins  which  occur  in 
the  course  of  all  the  great  Alpine  valleys,  the  explanation 
by  subsidence  becomes  more  and  more  diflficult  and  impro- 
bable. And  the  difficulty  is  still  further  increased  by  the 
consideration,  that  all  these  earth-movements  must  have 
been  comparatively  recent,  that  in  all  cases  they  must  have 
been  so  rapid  that  the  erosion  of  the  valley  did  not  keep 
pace  with  them,  and  that,  in  ail  non -glaciated  areas,  either 
no  earth-movements  have  occurred  within  the  recent  period, 
or,  if  they  have  occurred,  they  have  ftiiled,  in  every  single 
ease,  to  pi-oduce  a  lake -basin,  because  erosion  has  fully 
kept  pace  with  elevation.  A  theory  which  involves 
such  a  series  of  improbable  assumptions,  and  which  is  not 
supported  by  any  direct  evidence,  stands  self-condemned. 

But  besides  this  body  of  evidence,  in  itself  almost  con- 
clusive, I  have  adduced  in  the  preceding  chapter  a  new 
and  independent  argtnnenfc  founded  on  the  chanieteristic 
contours  of  all  these;  valley-lakes,  which  were  shown  to  be  such 
as  could  be  produced  only  by  ice- erosion  in  a  pre-existing 
valley,  while  any  form  of  damming  up  by  subsidence  above 
or  elevation  below  the  lake  would  necessarily  result  iu  a 
very  different  contour* 


THE  CJORGK  OF  THE  AAE  AK1>  ITS  TEACHINGS      141 


r 


I  refer  to  this  argument,  because*,  since  my  articles  first 
appexired,  I  ha%"e  received  from  two  American  geologists 
copies  of  papers  showing  that  Bimilar  features  have  been 
oMerved  in  some  of  the  American  valley-lakes,  and  the 
Bame  general  conclusion  ha>i  been  dniwn  from  them.  In  a 
paper  on  ''  Gkciatioii  in  the  Finger  Lake  region  of  New 
York,"  by  Dr.  D.  F,  Lincoln  (in  the  Attwriam  Jour-nal  of 
S^ence,  voL  xliv,j  October,  1892),  it  is  shown  that  Seneca 
Lake  is  bordered  through  a  great  part  of  its  circumference 
by  vertical  cliffs  of  rock,  that  it  undulates  in  moderate 
curres,  and  that  inflowing  streams  with  rocky  beds  enter 
it,  either  near  the  level  of  the  water  or  at  a  considerable 
elevation.  In  some  cases  a  lateral  stream  flows  over 
nearly  level  ground  to  the  cliff-edge  without  any  valley 
banks,  suggesting  that  the  main  valley  occupied  by  the 
lake  was  formerly  at  this  high  level.  The  conclusion  is 
reached  that  this  and  other  kikos  with  similar  characteris- 
tics have  been  **  deeply  gouged  by  ico/^  In  a  later  paper 
(dated  August,  1893)  he  notices  the  absence  of  side- valleys 
ftlong  Seneca  and  Cayuga  Lakes,  and  points  out  the 
remarkable  difference  in  this  respect  between  these  lakes 
and  valleys  situated  south  of  the  giTat  moraine,  which 
latter  are  '*  notched  down  to  the  iioo<J-plain  level  every 
mile  or  two,"  while  "  the  lake-side  for  stretches  of  ten 
to  fifteen  miles  seems  like  an  artifically  smoothed  garden 
slope," 

In  the  BulietinoftJie  Geologk^l  Society/ of  Amcnm.yoh  v., 
pp,  339—356  (March,  1894),  Mr.  Ralph  S.  Tarr  has  a 
paper  on  '*Lake  Cayuga  a  Rock -basin,"  illustrated  by  a  map 
and  section.  He  maintains  that  Lake  Cayuga  is  situated 
in  a  rock*basin,  about  435  feet  deep,  and  formed  by  glacial 
erosion ;  the  proof  being  that  the  pre-glacial  tributaries  of 
the  valley  are  rock -enclosed,  and  that  thrir  hwcst  points  are 
(tbum  ike  2)re$€nt  lake-surface.  The  map  shows  all  the  lakes 
of  this  region  to  have  the  very  same  kind  of  contour  as 
bat  on  which  I  founded  my  argument 


I  venture  to  hope  that  the  brief  sketch  I  have  here 
given  of  one  of  the  grandest  and  most  interesting  valleys 
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in  Switzerland  and  its  bearing  on  that  most  curious  and 
fascinating  problem — the  Great  Ice  Age,  its  causes,  its 
duration,  and  its  effects,  may  attract  the  attention  of  some 
readers  who  are  about  to  visit  the  district,  and  enable  them, 
when  they  come  in  sight  of  the  Kirchet  or  visit  the 
celebrated  gorge,  to  appreciate  the  remarkable  and  almost 
unique  character  of  the  natural  phenomena  before  them, 
and  the  mar\'ellous  episode  in  the  recent  geological 
history  of  the  north-temperate  zone  which  has  produced 
them. 


I 
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APPENDIX 

An  American  critic  of  this  article,  in  Seimice  (N,  S., 
voL  iv,,  No»  95)^  declares  that  my  '*  derogatoiy  references 
to  the  explanatioD  of  lakes  by  subsidence  or  deformation 
seems  hardly  candid  in  face  of  the  facta  reported  by  many 
Swiss  geologists/'  And  he  concludes  thus  :  *'  The  citation 
of  the  essays  by  Lincohi  and  Tarr  concerning  the  Finger 
IjLkes  of  New  York,  and  the  silence  concerning  such  essays 
ms  Aeppli's  on  Lake  Zurich,  give  Wallace's  essay  an  air  of 
special  pleading/* 

Finding  it  stated  in  Professor  James  Geikie  s  recent 
work  on  "Earth  Sculpture"  (1898)  that  he  does  not 
know  of  any  valley-lake  that  has  been  shorten  to  be 
fonned  by  earth-movemenbs,  and  as  he  is  one  of  the 
highest  authorities  on  everything  connected  with  glaciers, 
I  requested  his  judgment  as  to  the  special  case  relied  on 
by  my  American  en  tic,  that  of  Lake  Zurich,  <as  investi- 
gated by  Aeppli.  His  reply,  which  I  am  kindly  permitted 
to  quote,  is  as  follows  :— 

"  It  iH  quite  true  that  geologists  have  often  stated  their 
belief  that  the  great  Alpine  lakes  are  due  to  deformation, 
but  it  is  seldom  that  any  evidence  of  deformation  is 
adduced.  Yet  if  the  belief  were  well  founded  it  should 
not  be  difficult,  by  means  of  maps  and  accurately  drawn 
sections,  to  show  that  it  is  so.  According  to  Professor 
Heini,  the  older  quaternary  dejiosits  along  the  base  of  the 
Alps,  in  the  region  occupied  by  Lakes  Constance  and 
Zurich,  have  been  affected  by  a  flat  geo-anticline  (about 
300 — 400  metres  in  height).  If  this  broad  fold  had  any 
efifect  in  deforming  the  valley -bottoms,  we  should  expect 
tectonic  hollows  to  appear  iu  these  just  above  (i>.,  higher 
up  the  valleys  than)  the  flat  swelling*  But,  as  Professor 
Fenck  has  pointed  out,  both  Lake  Constance  and  Lake 
Zurich  extend  right  across  the  geo-antieline — the  latter 
lake  attaining  its  greatest  depth  near  the  back  of  the 
bn^  arch.  That  the  valley  of  the  Linth  has  been  dis- 
turbed by  crustal  movement  in  early  Pleistocene  time^m 
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shown  by  the  fact  that  cei-tain  ancient  terraces  of  erosion 
and  deposits  of  river-gravel,  seen  on  both  sides  of  the  lake, 
have  been  tilted  up.  From  a  point  midway  between  the 
two  extremities  of  the  lake  thej  giiiduallj  rise  higher  and 
higher  in  the  direction  of  Zurich,  imtil  they  reach  their 
cuhninating  point  at  Mannedorf  and  K^pfnach,  some  nine 
or  ten  miles  above  Zurich.  Obviously,  the  terraces  in 
question  are  the  work  of  the  Linth,  and  must  have  been 
formed  before  the  lake  came  into  existence.  But  surely 
the  simple  explanation  h  that  here,  as  in  so  many  other 
regions,  flu  via  tile  erosion  has  kept  pace  with,  or  even 
exceeded,  crustal  deformation.  The  old  river  Linth  has 
behaved  just  as  other  rivers  under  similar  circuinstances 
— it  has  cut  its  way  across  a  gradually- developing  deforma- 
tion. Aeppli,  following  Heim,  believes  that  the  upper 
part  of  the  lacustrine  hollow  (i>.,  between  Mannedorf  and 
the  head  of  the  lake)  has  been  caused  by  a  depression  of 
the  great  Alpine  massif,  producing  a  reversal  of  the  valley- 
slope.  But  since  such  A  movement  will  not  account  for 
the  lower  section  of  the  hollow  (i.e.,  between  Miinnetlorf 
and  Zurich),  another  movement  is  invoked  to  explain  its 
occurrence.  We  are  asked  to  believe  that  the  portion 
referred  to  is  due  to  flexing  and  folding — a  continuation 
of  the  flexures  of  the  Jura  mountains.  It  seems  to  me 
just  as  easy  to  believe  that  the  entire  lacustrine  hollow 
occupies  an  area  of  special  depression  !  That  flexing  and 
folding  have  taken  place  cannot  be  doubted,  but  there  is 
nothing  whatever  to  show  that  the  river  Linth  was  in- 
capable  of  cutting  across  the  inequalities  as  fast  as  these 
were  developed.  Even  if  we  could  accept  Heim's  notion 
of  a  depression  of  the  Alpine  massif,  and  believe  wath  him 
that  the  slope  of  the  old  valley  w^as  in  this  way  reversed, 
we  should  not  necessarily  be  able  to  account  for  the  exist- 
ence of  Lake  Zurich.  Any  great  crustal  movement  of 
the  kind,  we  have  no  reason  to  doubt,  would  be  gradual — 
so  gradual  and  protracted  that  the  river  would  continuously 
fill  up  the  slowly -deepening  depression,  and  thus  a  lake 
could  not  come  into  existence.  [In  illustration,  I  may 
refer  to  the  deep  basin  in  the  valley  of  the  Rhine  in  Hesse, 
the  bottom  of  which  is  270  feet  deeper  than  the  lowest 
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part  of  its  rim  at  Bingen.  This  b&Bm  is  filled  (not  with 
lacustrine,  but)  with  fluviatile  deposits  alone,  showing 
Uiat  the  pnxseas  of  inKnin^  has  kept  pace  with  the  move- 
iiieDt  of  depression.]  Laka  Zurich,  I  would  only  iidd,  is 
the  bed  of  the  old  Linth  glacier,  and  its  dimeDsions  are  in 
proportion  to  tho«e  of  that  extensive  ice-stream.  Th© 
lacui^trine  hollow  has  obviously  been  excavated  in  the 
valley  of  the  Li  nth  long  after  that  river  had  cut  its  way 
scross  the  crustal  deformations  I  have  rcfeiTed  to." 

^^^The  account  hero  given  of  Aeppli's  work  shows  that  he 
^Hpfttices  no  evidence  whatever  of  the   existence  of  the 
Sieged  deformation,  but  only  an  assumption  of  an  earth- 
movement  sufficient  to  account  for  the  formation  of  Lake 
Zurich,  There  i^,  however,  the  clearest  evidence  of  another 
earth -movement  on  the  very  site  of  the  lake  in  question, 
but  in  the  opposite  direction^ — that  is,  an  elevation  instead 
^pf  a  depression,  through  which  the  old  river  Linth  cut  its 
^Piraj  as  fast  as  the  ground  rose  ;  and,  subsequently,  what 
had  been  the  crown  of  the  elevated  ground  was  covered 
by  the  Linth  gltu^ier,  and  now  forms  the  centre  of  the 
lake  1     It  will  J  I  think,  be  adtuitted  that  my  critic  was 
hardly  justified  in  his  accusation  of  "  special  pleading  '*  on 
my  part. 
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MONKEVS:   THEIR  AFFINITIES   AND   DISTRIBUTION 

If  the  skeletons  of  an  orang*utao  and  a  chimpajizee  be 
compared  with  that  of  a  man,  there  will  be  found  to  be 
the  most  wonderful  reseioblance,  together  with  a  very 
marketi  diversity.  Bone  for  bone,  throughout  the  whole 
structure,  will  be  found  to  agi*ee  in  general  form,  position, 
and  function^  the  only  absolute  diffcreacea  being  that  the 
orang  has  nine  wrist  bones,  whereas  nian  and  the  chim- 
panzee have  but  eight;  and  the  chimpanzee  has  thirteen 
pairs  of  ribs,  whereas  the  orang,  like  man,  has  but  twelve. 
With  these  two  exceptions,  tne  differences  are  those  of 
shape,  proportiont  and  direction  only,  though  the  reauliing 
differences  in  the  external  farm  and  motions  are  verj* 
considerable.  The  greatest  of  these  are,  that  the  feet  of 
the  anthropoid  or  man-like  apes,  us  well  as  those  of  all 
monkeys,  are  formed  like  hands,  with  large  opposable 
thumbs  fitted  to  grasp  the  branches  of  trees  but  unsuit*  ■ 
able  for  erect  walking,  while  the  true  hands  have  wx*ak  * 
small  thumbs  but  very  long  and  powerful  fingei^,  forming 
a  hook  mther  than  a  hand  adapted  for  climbing  up  trees 
and  suspending  the  whole  weight  from  horizontal  branches. 
The  almost  complete  identity  of  the  skeleton,  however, 
and  the  close  similarity  of  the  muscles  and  of  all  the 
internal  organs,  have  produced  thai  striking  and  ludicrous 
resemblance  to  man  which  every  one  recognises  in  these 
higher  a]>es  and,  in  a  less  degree,  in  the  whole  monkey 
tribe  j  the  face  and  features,  the  motions*  attitudes,  ana 
gestures  being  often  a  strange  caricature  of  humanity. 
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Let  uSf  then,  examine  a  little  more  closely  in  what  the 
resemblance  consista,  and  haw  far,  and  to  what  extent, 
ihe^se  aniuiak  really  differ  from  u&. 

Besides  the  face,  which  is  wonderfully  human — although 
the  absence  of  any  protuberant  nose  gives  it  often  a 
curiousty  infantile  aspect,  monkeys,  and  especially  iipi?s^ 
resemble  oh  most  closely  in  the  hand  and  arm.  The  hand 
has  well- formed  tingora  with  nails,  and  the  ekin  of  the 
palm  is  lined  and  furrowed  like  our  own.  The  thumb  is. 
however,  smaller  and  weaker  than  ours,  and  is  not  so 
itiuch  used  in  taking  hold  of  anything.  The  monkey's 
hand  is,  therefore,  not  so  well  adapted  as  that  of  man  for 
a  variety  of  purposes,  and  cannot  be  applied  with  such 
precision  in  holdiiig  small  objects,  while  it  is  unsuitable 
for  perfonning  delicate  operations  such  as  tying  a  knot  or 
writing  with  a  pen.  A  monkey  does  not  take  hold  of  a 
nut  with  its  fore-finger  and  thorub  as  we  do,  but  grasps 
it  between  the  fingers  and  the  jialm  ifi  a  clumsy  way,  just 
as  a  baby  does  before  it  has  acquired  the  pmjxjT  use  of  its 
band.  Two  groups  of  monkeys — one  in  Africa  and  one  in 
South  America — have  no  thumbs  on  their  hands,  and  yet 
they  do  not  se«m  tu  be  in  any  respect  inferior  to  other 
kinds  which  possess  it.  In  most  of  the  American  monkeys 
the  thumb  bends  in  the  same  direction  as  the  fingers,  and 
in  none  is  it  so  perfectly  opposed  to  the  fingers  as  our 
thumbs  are :  and  all  the.^e  circumstances  show  that  the 
hand  of  the  monkey  is,  both  structurally  and  functionally, 
a  very  different  and  very  inferior  organ  to  that  of  man, 
since  it  is  not  applied  to  similar  purposes,  nor  is  it  capable 
of  being  so  applied. 

When  we  look  at  the  feet  of  monkeys  we  find  a  still 
greater  difference,  for  these  have  much  larger  and  more 
opposable  thumbs  than  their  hands  have,  and  are  there- 
fore more  like  our  hands;  and  this  is  the  case  with  all 
monkeys,  so  that  even  those  which  have  no  thumbs  on 
their  hands,  or  have  them  small  and  weak  and  parallel  to 
the  fingers,  have  always  large  and  well-formed  thumbs  on 
their  feet.  It  was  on  account  of  this  peculiarity  that  the 
great  French  naturalist  Cuvier  named  the  whole  group  of 
monkeys  Quadrumana,  ur  four-handed  animals,  becauae, 
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besides  the  two  hands  on  their  fore-limba,  they  have  also 
two  h^nrls  in  place  of  fcet  on  their  hind-limba  Modem 
naturalists  have  given  up  the  use  of  this  tenn*  because 
they  say  that  the  hind  extremities  of  all  monkeys  are 
really  feet,  only  the-se  feet  are  shaped  like  hands ;  but  this 
is  a  point  of  anatomy,  or  rather  of  nomenclature,  which 
we  need  not  here  discusa. 

Let  us,  however,  before  going  further,  inquire  into  the 
piupoi^e  and  use  of  this  peculiarity ,  and  we  shall  then  see 
that  it  is  simply  an  adaptation  to  the  mode  of  life  of  the 
animals  which  possess  it.  Monkeys,  as  a  rule,  live  in 
trees  J  and  are  especially  abundant  in  the  great  tropical 
forests.  They  feed  chiefly  upon  fruits,  but  occasionally 
eat  insects  and  birds'-eggSi  as  well  as  young  birds,  all  of 
which  they  find  in  the  trees ;  and,  as  they  mrely  have 
t>ceiision  to  come  down  to  the  ground,  they  travel  from 
tree  to  tree  by  jumping  or  swinging,  and  thus  pass  the 
greater  part  of  their  lives  entirely  among  the  leafy 
bmnches  of  lofty  trees.  For  such  a  mode  of  existence!, 
they  require  to  be  able  to  move  with  perfect  ease  upon 
large  or  small  branches,  and  to  elinjb  up  mpidly  from  one 
bough  to  another.  As  they  use  their  hands  for  gathering  ■ 
fruit  and  catching  insects  or  binlst  they  require  some  ■ 
means  of  holding  on  vfith  their  feet,  otherwise  they  would 
be  liable  to  continual  falls,  and  they  are  able  to  do  this 
by  means  of  their  long  finger-like  toes  and  large  opposable 
thumbs,  which  gra-^p  a  branch  almost  as  securely  lis  a 
bird  grasps  its  perch.  The  true  hands,  on  the  contrary, 
arc  used  chiefly  to  chnib  with,  and  to  swing  the  whole 
weight  of  the  b*j<Jy  from  one  branch  or  one  tree  to 
another,  and  for  this  puq^nse  the  fingers  are  very  long 
and  strong,  and  in  many  species  they  are  further  strength- 
ened by  being  partially  joined  together,  as  if  the  akin  of 
our  fingers  grew  together  as  far  as  the  knuckles.  This 
shows  that  the  separate  action  of  the  fingers,  which  is  so 
important  to  us,  is  little  requii-ed  by  monkeys,  whose  hand 
is  really  an  organ  for  climbing  and  seiadng  food,  while 
their  feet  are  required  to  sup|>ort  them  firmly  in  any 
position  un  the  branches  of  trees,  and  tor  this  purpose  it  htis 
become  modified  into  a  large  and  powerful  pi-asping  hand. 
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Another  striking  dififeren<^  between  monkeys  and  men 

is  that  the  former  never  walk   with    ease  in    an    erect 

posture,  but  alniost  always  use  their  arms  in   climbing  or 

m    walking   on    all -fours    like    most    quadrupeds.      The 

monkeys  that  we  see  in  the  streets  dressed  op  and  vvalk- 

ing  erect,  only  do  st:*  atter  much  cirilling  and  teaching, 

just  as  dogs  may  be  taught  to  walk  in  the  same  way; 

and  the  posture  is  almost  as  unnatural  to  the  one  animal 

as  it  is  to  the  other*     The  largest  and  most  man-like  of 

the  apes — the  gorilla,  chimpanzee,  and  orang-utan — also 

walk  usually  on  all- fours;  but  in  these  the  arms  are  so 

long  ami  the  legs  so  s^hort  that  the  body  appeaii5  half 

erect  when  walking ;  and  they  have  the  habit  of  resting 

ou  the  knuckles  of  the  hands,  not  on  the  palms  like  the 

snialler  monkeys  whose  arms  and  legs  are   more  nearly 

of  an  equal  length,  which  tends  still  further  to  give  them 

a    semi-erect   position.      Yet  they  are    never   known    to 

!1|     walk  of  their  own  accord  on  their  hind  legs  only,  though 

,     they  can  do  so  for  short  distances,  and  the  story  of  their 

using  a  stick  and  walking  erect  by  its  help  in  the  wild 

8tate  is  not  true.     Monkeys,  then,  are  both   four-handed 

and  four-footed  beasts;    they  piKSsoss  fimr  hands  formed 

very  much  like  our  hands,  and  caj>:ibK'  o(  picking  up  or 

holding  any  small  object  in  the  same  manner ;  but  they 

are  also  four- footed »  because  they  use  all  four  limbs  for 

the  purpose  of  walking,  running,  or  climbing  ;  and,  being 

adapted   to   this   double  purpose,   the   hands    want   the 

i     delicacy  of  touch  and  the  freedom  4is  well  as  the  precision 

^^f  movement  which  ours  possess.     Man  alone  is  so  con- 

IBBtnicted  that  he  walks  erect  with  perfect  ease,  and  has 

I     bis  hands  free  for  any  use  to  which  he  wishes  to  apply 

them ;  and  this  is  the  great  and  essential  bodily  distinc* 

'     tion  between  monkeys  and  men. 

I         We  will  now  give  some  account  of  the  different  kinds  of 
monkeys  and  the  countries  they  inhabit. 

T^e  Different  Kinds  of  Monkeys  ami  the  Con7ttri€$  thetj 
inhaMt. 

Monkeys  are  usually  divided  into  three   kinds — a]>es, 
monkeys,  and  baboons;    but   these  do   not  iucludo  th^ 


im 


STUDIES,  SCIENTIFIC  AND  SOCIAL 


generally  ver)*  short  and  weak,  and  ib  often  quite  wantiEg. 
We  thus  Btit^  that  these  American  monkeys  difler  in  a 
great  number  of  characters  fmm  those  of  the  Eastern 
hemisphere  ;  and  they  have  this  further  peculiarity,  that 


American  monkeys*  which  are  really  more  diflferent  fKjm 
all  thoiie  of  the  Old  World  than  any  of  the  latter  are  from 
each  other.  Naturalists^  therefore,  usually  divide  the 
whole  monkey-tribe  into  two  great  families,  inhabiting 
the  Old  and  the  New  Worlds  respectively;  and,  if  we 
learn  to  remember  the  kind  of  differences  by  which  these 
several  groups  are  distinguished,  we  shall  be  able  to 
nndeistand  something  of  the  classification  of  animals,  and 
the  distinction  between  important  and  unimportant 
charactei^. 

Taking  first  the  Old  World  groups,  they  may  be  thus 
roughly  defined : — apes  have  no  tails ;  monkeys  have  tails, 
which  are  usually  long ;  while  baboons  have  short,  tails, 
and  their  faces,  instead  yf  being  round  and  with  a  nian^ 
like  expression  as  in  apes  aod  monkeys,  are  long  and 
more  dog-like.  These  differences  are,  however,  by  no 
means  constaiit,  and  it  is  often  difficult  to  tell  whether 
an  animal  should  be  classed  as  an  ape,  a  monkey,  or  a 
baboon.  The  (libraltar  ape,  for  example,  though  it  has 
no  tail,  is  really  a  monkey,  because  it  has  callosities,  or 
hard  pads  of  bare  skin  on  which  it  sits,  and  cheek  pouches 
in  which  it  can  stow  away  food ;  the  latter  character  being 
always  absent  in  the  true  apes,  while  both  are  present  in 
most  monkeys  and  baboons.  All  these  aninmls,  however, 
from  the  largest  ape  to  the  smallest  monkey,  have  the 
same  number  of  teeth  as  we  have,  and  they  are  arranged 
in  a  similar  manner,  although  the  tusks,  or  canine  teeth, 
of  the  males  are  often  large,  like  those  of  a  dog. 

The  American  monkeys,  on  the  other  hantf,  with  the 
exception  of  the  Marmosets,  have  four  additional  grinding  - 
teeth  (one  in  e^ich  jaw  on  either  side),  and  none  of  them  ■ 
have  either  callosities  or  cheek  ])oiiches»  Thoy  never 
have  prominent  snouts  like  the  babtjons  ;  their  nostrils 
are  placed  wide  apjirt  and  ojven  sideways  on  the  face ; 
the  tail^  though  sometiuies  short,  is  never  quite  absent ; 
and  the  thumb  bends  the  same  way  as  the  fingers,  is 
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any  of  them  have  prehensile  or  grasping  tails,  which  are 
never  found  in  the  monkeys  of  any  other  coantry.  This 
curious  organ  serves  the  puqiose  of  ;i  fifth  hand,  and  it 
has  so  much  muscular  power  that  the  animal  can  hang  by 
"t  easily  with  the  tip  curhxl  round  a  brtmch  ;  while  it  can 

Iso  be  used  to  pick  up  small  objects  with  almost  as  much 
le  and  exactness  as  an  elephants  trunk.     In   those 

ipecies  which  have  it  most  perfectly  formed  it  is  very 
long  and  powerful,  and  the  end  has  the  under  side  covered 
with  bare  skin,  much  resembling  that  of  the  finger  or 
palm  of  the  hand  and  apparently  equally  sensitive.  One 
of  the  common  kinds  of  monkeys  that  accomptiny  street 
organ-players  has  a  prehensile  tiiil,  but  not  of  the  moat 
perfect  kind ;  since  in  this  species  the  tail  is  entirely  clad 
with  hair  to  the  tip,  and  seems  to  be  used  chiefiy  to 
steady  the  animal  when  sitting  on  a  branch  by  being 
twisted  round  another  branch  near  it.  The  statoment 
is  often  erroneously  made  that  all  American  monkeys 
have  prehensile  tiuls  ;  but  the  fact  is  that  rather  less  than 
half  the  known  kinds  have  them  so,  the  remainder  having 
this  organ  either  short  and  bushy  or  long  and  slender, 
but  entirely  without  any  power  of  grasping.  All  pmhen- 
silc-tatle<1  monkeys  are  American,  but  alt  American 
monkeys  are  not  prehensile- tailed. 

By  remembering  these  characters  it  is  easy,  with  a  little 
observation,  to  tell  whether  any  strange  monkey  comes 
from  America  or  from  the  Old  World.  If  it  has  bare  seat- 
pads,  or  if  when  eating  it  tills  its  mouth  till  its  cheeks 
swell  out  like  little  bags,  we  may  be  sure  it  comes  from 
some  part  of  Africa  or  Xsia  ;  while  if  it  can  curl  up  the  end 
of  its  tail  80  as  to  take  hold  of  anything,  it  is  certainly 
American-  As  all  the  tailed  monkeys  of  the  Old  World 
have  seat-pads  (or  ischial  callosities  as  they  are  called  in 
scientific  language),  and  as  all  the  American  monkeys 
have  tails,  but  no  seat- pads,  this  is  the  most  constant 
extt*rnal  chamcter  by  which  to  distinguish  them ;  and 
having  done  so  we  can  look  for  the  other  peculiarities  of 
the  American  monkeys,  especially  the  distance  apart  of 
the  noetrils  and  their  lateral  position. 
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The  whole  monkey-tribe  is  especially  tropical,  only  a 
few  kinds  being  found  in  the  warmer  parts  of  the  temperate 
zone.  One  inhabits  the  Rock  of  Gibraltar,  and  there  is 
one  very  like  it  in  Japan,  and  these  are  the  two  monkeys 
which  live  farthest  from  the  equator.  In  the  tropics  they 
become  very  abundant  and  increase  in  numbers  and 
variety  as  we  approach  the  equator,  where  the  climate  is 
hot,  moist,  and  equable,  and  where  flowers,  fruits,  and 
insects  are  to  be  found  throughout  the  year.  Africa  has 
about  55  diflFerent  kinds,  Asia  and  its  islands  about  60, 
while  America  has  114,  or  almost  exactly  the  same  as 
Asia  and  Africa  together.  Australia  and  its  islands  have 
no  monkeys,  nor  has  the  great  and  luxuriant  island  of  New 
Guinea,  whose  magnificent  forests  seem  so  well  adapted 
for  them.  We  will  now  give  a  short  account  of  the 
diflFerent  kinds  of  monkeys  inhabiting  each  of  the  tropical 
continents. 

African  Monkeys, 

Africa  possesses  two  of  the  Simiidae  or  great  man-like 
apes — the  gorilla  and  the  chimpanzee,  the  former  being 
the  largest  ape  known,  and  the  one  which,  on  the  whole, 

f)erhaps  most  resembles  man,  though  its  countenance  is 
ess  human  than  that  of  the  chimpanzee.  Both  are  found 
in  West  Africa,  near  the  equator,  but  they  also  inhabit  the 
interior  wherever  there  are  great  forests ;  and  Dr.  Schwein- 
furth  states  that  the  chimpanzee  inhabits  the  country 
about  the  sources  of  the  Shari  river  in  28°  E.  long,  and 
4**  N.  lat.  The  gorilla  is  a  more  recent  discovery  than  the 
other  man-like  apes,  and  owing  to  its  great  size  and  strength 
and  the  almost  impenetrable  forests  in  which  it  lives,  is 
even  now  but  imperfectly  known.  It  was  discovered  by 
Dr.  Savage  in  1847  in  the  region  of  the  Gaboon  river, 
close  to  the  equator  in  West  Africa.  He  first  obtained  a 
skull  which  he  believed  to  belong  to  a  new  species  of 
ape,  and  afterwards  the  entire  animal,  which  he  sent  to 
America,  where  it  was  described  by  Professor  Wyman,  an 
anatomist  of  Boston.  The  first  young  gorilla  was  brought 
to  Europe  in  1876,  but  none  of  these  apes  live  long  in 
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itifitieioent]  and  it  is  probable  that  no  European  has  yet 
Beti  the  full-grown  hving  anitiiaL  It  is  the  odIj  large 
pe  that  spends  naiich  of  its  time  on  the  ground,  though  it 
litiiba  weD,  but  owing  to  its  great  weight  is  not  so  active 
inong  the  higher  bmnt^hes  as  the  less  bulky  species.  The 
do  is  black,  and  the  hair  is  also  black  or  brownishi  but 


Vtti.  ^ri-.—niK  oo&iujh  {Ottriiia  £ai^ciffr«X 

'in  old  iiidivnrhials.     The  wood-cut  (Fig.   25)  gives  a 

idea  of  its  somewhat  terocioUR  aspect,  as  well  as  its 

>njpanitively  short  arms,  a  chamcter  that  distinguishes 

from  the  chimpanzee  and  orang     The  hngere  and  toes 

re  als<;  thicker  and  shorter  than  in  the  other  species,  in 

cconlance  with  its  loss  arboreal  habits. 
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The  other  great  African  apes,  congisting  of  the  chim- 
panzee and  one  or  two  closely  allied  species,  are  much 
better  known,  though  even  of  these  ftiH-grown  aninialii 
have  never  been  seen  alive  in  Europe,  Young  ones  arc, 
however,  tolerably  common,  and  are  to  be  found  in  most 
Zoological  Gardens.    The  accompanying  illustration  of  the 


common  chimpanzee  (Fig.  26)  well  exhibits  the  external 
differences  between  this  species  and  the  gorilla — the 
longer  arms,  the  longer  hand  and  fingers,  and  the  very 
much  larger  ears.  The  chimpanzees  show  great  tnteili- 
genco  and  mildness  of  dispositionT  and  can  be  taught  to 
perform  many  almost  human  actions^  such  as  dressing 
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tlieinseWes,  riding  a  bicycle,  and  many  othera,  while  they 
«ven  leani  to  count  up  to  three  or  four. 

The  long'taikd  niorikcys  of  Africa  are  very  numerous 
and  varie*!.  One  group  (Colobus)  has  no  cheek-pouches 
and  DO  thumb  on  the  hfind,  and  many  of  these  have  long 
soft  fur  of  varied  colours.     The  most  numerous  group  are 


FiCi.  27*— I'UUTO  MOKitRY  {C^TWpitknenn  /*?Mr&). 


the  Ouenons,  belonging  t^  the  genus  Cercopithccns,  rather 
small  tong-tailed  monkeys,  very  active  and  lively,  and 
often  having  their  fiices  curiously  marked  with  white  or 
black,  or  ornamented  with  whiskers  or  other  tufts  of  hair, 
as  well  shown  in  the  Pluto  monkey  here  fig^ired  (Fig  27). 
They  all  have  large  cheek- jKJUches  and  good-sized  tbumbB. 
Many  of  them  are  called  green  monkeys,  from  the  greenish- 
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yellow  tint  of  their  fnr,  and  mfK^t  of  them  arc  well-fonned 
pleasing  animals.  They  arc  found  only  in  tropical  Africa 
The  baboons  (Cynoccphalna)  arc  larger^  but  less 
numerous.  They  resemble  dogs  in  the  general  form  and 
the  length  of  the  foce  or  snout,  but  they  have  hands  with 
well-develo|K>d  thumbs  on  both  the  fore  and  hind  limbs; 
and  this,  with  something  in  the  expression  of  the  face  and 
their  habit  of  sitting  up  and  using  their  hands  in  a  very 
human  fashion,  at  once  shows  that  they  belong  to  the 


monkey-tribe.  Many  of  them  are  very  ugly,  and  in  their 
Wild  state  they  are  the  fiercest  an<I  most  dangerous  of 
monkeyB,  Some  have  the  tail  very  long,  others  of  medium 
length,  while  it  is  sometimes  reduced  to  a  mere  stump, 
and  all  have  large  cheek-pouches  and  bare  scat^imds.  The 
yellow  baboon  here  figured  is  a  native  of  West  Africa,  and 
illustraU^s  nn3st  of  the  characteristic  features  of  baboons  as 
distinguished  from  other  monkeys.  They  are  found  all 
over  Africa  from  Egj^pt  to  the  Ca|R^  of  Oood  Hope;  while 
one  species,  calleil  the  Hamadrj^as,  extends  from  Abyssinia 
across  the  Red  Sea  into  Arabia,  and  is  the  only  baboon 
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I  oiifc  of  Africa.  This  species  was  known  to  the 
ancients,  and  it  is  often  represented  in  Egyptian  sculp- 
tures, while  iniinimic*H  of  it  have  been  found  in  the  cata- 
combs. The  largest  and  most  remarkable  of  all  the  baboons 
b  the  Mandrill  of  We^jt  Africa,  whose  swollen  and  hog- 
like face  is  ornamented  with  stripes  of  vivid  bine  and 
scarlet.  This  animal  has  a  tail  scarcely  two  inches  long^ 
while  in  size  and  strength  it  is  not  much  inferior  to  the 
gorilla.  These  large  baboons  go  in  bands^  and  are  said  to 
be  a  msitch  for  any  other  animals  in  the  African  forests, 
and  even  to  attack  and  drive  away  the  elephants  from  the 
districts  they  inhabit.  The  baboons  differ  from  almost  all 
the  rest  of  the  monkey-tribe  in  being  terrestrial  rather 
than  arboreal  in  their  habits,  though  many  of  them  can, 
and  do,  elijnb  trees  with  gi-eat  Qme.  They  inhabit  mostly 
open  rocky  country  or  among  scattered  trees  rather  than 
the  dense  forests,  and  their  food  consists  of  fruits  and 
roots,  as  well  as  of  reptiles,  insects,  and  probably  young 
ground- binis  and  mammals*  They  thus  seem  to  be  a 
special  adaptation  to  the  plateaus  and  open  country  of 
which  stj  much  of  Africa  consists,  whik^  the  man- like  apes 
and  mure  active  monkeys  are  equally  well  adapted  to  the 
tropical  forests. 


Asiatic  Monkey &, 


Turning  now  to  Asia,  we  have  first  one  of  the  best 
known  of  the  liu*ge  man-likL*  apes— the  Orang-uUm,  found 
only  in  the  twu  large  islands,  Borneo  and  Sumatra,  Th© 
name  is  Malay,  signifying  "  nian  of  the  woods,"  and  it 
should  be  pronounced  drang-i5otan,  the  accent  being  on 
the  first  syllable  of  both  woixis.  It  is  a  very  curious  cir- 
eumstance  that,  whereas  the  gorilla  and  chimpanzee  are 
,both  black,  like  the  ne^^roes  of  the  same  country,  the 
orang-utan  is  red  or  reddish -brown,  closely  resembling  the 
colour  of  the  Malays  and  Djaks  who  live  in  the  Bornean 

bi-ests*  Though  very  large  and  powerful,  it  is  a  harmless 
tnre,  feeding  on  fruit,  and  never  attacking  any  other 

niniat  except  in  self-defence,  A  full-grown  male  orang- 
utan is  rather  more  than  four  fi^et  high,  but  with  a  \^^^ 
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B^  large  as  that  of  n  stout  man,  and  with  enormously  long 
and  powerful  arms> 

More  is  known  of  the  habits  of  the  Orang-utan  than  of 
any  of  the  other  large  apes,  which  are  probably  not  very 
different ;  a  few  particulars  may  therefore  be  of  interest. 
The  Orang-utan,  or  **  Mias,"  as  it  is  called  in  Borneo,  is 
essentially  an  arboreal  animal,  only  coming  to  the  ground 
occasionally  to  drink  or  to  sock  juicy  shoots  on  the  banks 
of  streams  when  fruit  is  scarce,  or  when  de^sirous  of 
crossing  any  opening  in  the  forest.  It  lives  among  the 
tops  of  the  lofty  forest  trees,  on  the  fruits  of  which  it 
feeds.  The  old  males  are  often  solitary,  but  groups  con- 
sisting of  a  female  with  two  or  three  young,  and  some- 
times even  a  w^hole  family,  are  seen  together.  Once  I  jmw 
two  half-grown  orangs  on  the  ground  playing  together. 
They  were  standing  up  with  their  arms  outstretched,  and 
holding  each  other  as  if  wrestling.  The  moment  I  saw 
them  they  saw  or  heard  me,  and  got  up  the  nearest  tree 
out  of  danger.  This  was  the  only  time  I  saw  them 
standing  on  their  legs  nearly  erect.  The  old  ones  build 
a  kind  of  nest,  or  rather  a  platform  of  branches  to  sleep 
on*  Numbers  of  these  nests  are  to  be  seen  in  the  forcsli 
where  orangs  are  numerous,  and  they  probably  build  one 
in  any  place  where  fruit  is  abundant,  and  where  they  are 
likely  to  remain  some  time.  The  omngs  move  veiy 
deliberately  about  the  trees,  especially  when  they  have  to 
pass  from  one  tree  to  another.  To  do  this  they  choose  a 
place  where  the  branches  of  two  trees  touch  or  rather 
intermingle,  and  moving  very  carefuUj^  along  the  branch 
they  have  chosen  and  holding  tight  with  their  feet,  they 
stretch  out  their  long  arms  one  after  the  other,  binding 
together  the  twigs  of  the  two  opposing  branches  in  their 
hands,  and  then  swing  themselves  across  till  they  can 
grasp  the  further  branch  with  their  feet,  then  they 
gradually  move  on  till  they  get  a  secure  hold  of  the 
other  tree.  This  cautious  procedure  is  often  necessary  in 
order  that  the  slender  bninches  may  not  be  broken  by 
their  grejit  weight,  causing  a  dangerous  fall. 

While  shooting  these  animals  in  Borneo  for  their  skins 
and  skeletons,  I  often  saw  them  piss  from  tree  to  tree  in 
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Tjmy,  and  they  generally  were  able  to  travel  through 
the  forest  overhead  as  quickly  iis  I  could  run  along  under- 
neath^ looking  up  frequently  to  keep  them  in  sight. 
Once  I  saw  one  build  a  nesL  I  had  wounded  him 
ttevcrely  and  expected  he  would  drop  to  the  ground,  but 
he  got  up  as  high  as  he  could  into  the  tree,  and  chcK>siog 
a  forked  branch  he  stretched  out  his  arms,  broke  off  or 
crackexl  the  smaller  branches  and  laid  them  across  the 
fork,  and  in  a  short  time  had  made  a  platfonn  which 
completely  hid  him  from  below*  The  next  day  he  was 
still  there  but  dead,  as  could  be  seen  by  the  cloud  of  flies 
above  him.  He  was  a  very  fine  large  male,  and  I  ob- 
tained the  bone3  some  time  afterwards  by  paying  a  dollar 
to  two  Malays  who  climbed  the  tree,  and  tying  the  dried 
skin  with  a  long  cord  let  it  down  to  the  ground.  It  has 
often  been  stated  that  the  orang  when  pursued  or 
attacked  breaka  off  dead  branches  or  fniit  and  throws 
them  at  its  pursuers,  while  other  observers  have  denied 
that  it  ever  does  so.  I  have,  however,  seen  it  do  so 
myself  more  than  once,  the  creatures  being  evidently 
enraged,  making  a  curious  grunting  noise  and  throwing 
down  dead  sticks,  and  on  one  occasion  the  spiny  fruit  of 
the  durian,  in  great  quantities,^ 

The  illustration  (Fig.  29,  next  page)  represents  with 
considerable  accunicy  a  lull -grown  male  Orang-utan, 
showing  the  curious  dilated  face  formed  by  a  ridge  of  the 
skin  on  each  side,  giving  a  broad  flat  surface  varying  from 
ten  to  thirteen  and  a  half  inches  wide  in  different  in- 
dividuals. This  jK'Culiar  character  is  found  in  no  other 
ape.  The  differences  between  the  orang  and  the  gorilla 
are  well  shown  by  com[>4vring  the  two  figures,  the  former 
having  much  longer  anus,  longer  hands  and  feet^  and 
weaker  thumbs,  all  characters  which  are  in  accordance 
with  its  more  arboreal  habits.  An  interesting  peculiarity 
common  to  the  three  great  apes — the  orang  utan,  gorilla, 
and  chimpanzee^  but  not  found  in  any  other  ape  or 
monkey,  is  the  arrangement  of  the  hair  of  the  arms, 
which  grows  in  opposite  dii^ections  from  the  shoulder  and 

1  For  fuller  iJeifti1«  see  my  Ma^at/  Ajrhipdat/o,  CJiap.  IV.,  and  the 
late  Profea^or  Huxley *a  Mun-e  Place  in  Ndiurt^  pp*  31—42* 
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wrist  towards  the  elbow,  not  downwards  from  the  shoulder 
to  the  wrist  as  in  all  other  matntnalia.  This  arningement 
is  no  doubt  t*onnccted  with  the  habits  of  these  creatnrei?^ 
whieh  clasp  their  hands  over  their  heads  when  sieeping, 
and  the  arrangement  of  the  hair  causes  the  rain  to  run 
off  at  the  elbow  without  wetting  the  skin. 


Fm*  aa.~«BAiro*irE4K,  014?  imlk  (BimiA  mtynu]. 


These  great  apes,  like  many  of  the  smaller  monkeys, 
are  very  liable  to  lung-disease  in  this  country,  and  six>n 
die  when  in  confinement.  This  is  no  doubt  due  to  the 
want  of  pure  air  and  exercise,  and  it  is  unfortunate  that 
none  of  the  Zoological  Societies  of  Europe  have  made 
suitable  arrangeuieiits  for  giving  them  thc^^e  essentials  of 
health.  All  that  would  be  necessary  w\>uld  be  a  rather 
large   and    lofty   conservatory,  containing   two   or   three 
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te-sized  trees,  and  opeuing  out  of  this  a  l&zmr 
re  containing  a  few  clumps  of  loflit^r  trees.  This 
lo&nix^  might  be  i!UiTi>unrIecl  by  a  deuj*  and  wide  trench 
sloping  inwaixj!^,  from  the  outer  margin  cf  the  bi>ttt>m  of 
which  would  rise  a  wall  ur  ft^nce  of  a  suHieieut  height;and 
pcriectly  smcKith  inside,  s^  as  to  be  unctinjbablL'  by  these 
_  m.  Even  if  it  were  twelve  feet  high  sneh  a  fence  would 
offer  no  obstruction  to  the  view»  as  the  earth  excavated 
wonld  form  a  bank  on  the  outside,  reaching  nearly  as  high 
as  the  top  of  the  wall.  Fruit  trees,  such  as  apples,  crabs, 
danLstms,  cherries,  chestnuts,  &;c.,  would  be  s^ui table  as 
fiirnii^hing  both  food  and  exercise  ;  and  on  mild  sunny  days 
throughout  the  year  the  omngs  or  chimpanzees  would 
sspijnd  most  of  their  time  out  of  doors,  only  coming  into  the 
conservatory  in  very  cold  or  wet  w^eathen  There  seems  no 
reason  why,  under  these  more  favourjtble  conditions  they 
should  not  Itve  tu  a  fair  old  age.  Each  species  should  be 
kept  separate,  and  the  experiment  should  be  begun  with 
two  or  three  young  animals,  whose  association  would  bo 
another  factor  tending  to  health.  The  opportunities  for 
observation  of  the  whole  lite-habits  of  these  singidar 
animals  would  be  of  the  greatest  Interest,  and  the 
experiment  would  probably  [jay  its  cost  as  a  public  ex- 
hibition. In  Ceylon,  Australia,  or  other  wann  countries 
only  an  enclosed  patch  of  woodland  would  be  needed 
surrounded  by  such  an  unclimbable  fence,  and  with  a  few 
shelters  in  which  the  animals  might  be  fed ;  but  even  in 
England  I  feel  sure  that,  with  an  arrangement  such  as  I 
have  suggested,  these  most  remarkable  iind  interesting 
^^^atures  might  be  kept  alive  for  many  years,  and  might 
^BireiL  breed  in  confinement. 

^  A 


The  Gibbons. 


Another  grtiup  of  true  apes  inhabit  Asia  and  the  largei' 
Asiatic  islands,  and  are  in  some  respects  the  most  I'emark* 
able  of  the  whole  family.  These  are  the  Gibbons,  or 
hing -armed  apes  forming  the  genus  Hylobates,  which  are 
generally  of  small  size  and  of  a  gentle  disposition,  but 
[KASsessing  the  most  wonderful  agility*  In  these  creat area 
the  arms  are  as  long  fus  the  hotly  anil  legs  together,  and 
are  so  powerful  that  a  gibbon  will  hang  for   hours  sub* 
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peaded  from  a  branch  as  if  this  was  a  position  of  rest, 

or  swing  W-and-fro  and  then  thmw  itself  a  great  distoice 
through  the  air.     The  amis,  in  fact,  eonipletel/  take  the 

Elaie  of  the  legs  for  tmvelling  In^i^tead  of  jninfjing  from 
ough  to  bough  and  running  on  the  branches,  like  other 
ap3s  and  monkeys,  the  gibbons  move  along  while  hanging 
suspended  in  the  air,  stretching  their  aiins  frum  bough 
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to  bough,  and  thus  going  hand  t»ver  hand,  as  a  very  active 
siilt^r  will  elind)  along  ri  nrpe-  Tile  Btrength  of  their 
army  is,  however,  so  prodigj^Mi^j,  and  their  hold  so  sure. 
that  they  often  loose  t*ne  hand  Lt^ure  they  have  caught 
a  bon^h  with  the  other,  thui^  seeming  almotjt  to  fly 
through  the  air  by  a  jgxjg^t  smu^vu^  Vea^iTpax  ^3i4  ^^^ 
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travel  among  the  network  of  interlacing  boughs  a  hundred 
feet  above  the  earth  with  ai4  nuich  ea,se  and  certainty  as 
we  walk  or  run  upon  lovel  ground,  and  with  even  greater 
speed.  The  woodcut  of  one  of  these  long-armed  ajies  (Fig* 
SO)  shows  a  female  carrying  a  half-grown  young  one,  yet 
swinging  in  it8  favourite  pc^sition. 

These  little  animals  scarcely  ever  come  down  to  the 
gruund  of  their  own  accord ;  but  when  obliged  to  do  so 
they  run  along  almost  erect,  with  their  long  arms  swinging 
round  and  round,  as  if  trying  to  tind  some  branch  or  other 
object  to  climb  upon.  They  arc  the  only  apes  which 
natn rally  walk  on  the  ground  without  resting  ujwn  their 
hands  sla  well  as  their  feet;  but  this  does  not  make  them 
niore  like  men,  for  it  is  evident  that  thy  attitude  is  not  an 
easy  onCj  and  is  only  adopted  because  the  arms  are  habitually 
used  to  swing  by » and  are  therefore  norma  I  iy  held  upwanis 
instead  of  downwanis,  as  they  must  be  when  walkmg  on 
them. 

Tme  Monkeys — Asiaiic- 

The  tailed  monkeys  of  Asia  consist  of  two  groups,  the 
first  of  which — Semnopithecus— have  no  cheek  pouches, 
but  always  have  very  long  tails.  They  are  true  forest- 
monkeya,  very  active,  and  of  a  shy  disposition.  The  mont 
remarkable  of  these  is  the  long-nosed  monkey  of  Borneo^ 
which  is  very  large,  of  a  pale  brown  colour,  and  distin- 
guished by  possessing  a  long^  pointed,  Heshy  nose,  totally 
unlike  that  of  all  other  monkeyM.  Another  interesting 
species  is  the  black  and  white  entellus  monkey  of  India, 
called  '*  Hanuman  *'  by  the  Hindoos,  and  considered  sjicred 
by  them.  These  animals  are  petted  and  fed,  and  at 
some  of  the  temples  numbers  of  them  come  every  day 
for  the  food  which  the  priests,  as  well  as  the  people,  pro- 
vide for  them.  Monkeys  of  this  genus  are  abundant  from 
the  Himalaya  and  north-western  China  to  Borneo  and 
Java,  varying  considembly  in  size  and  colour,  but  being 
very  much  alike  in  all  essential  [joints  of  structure.  They 
may  be  said  to  correspond  to  the  guenons  of  Africa,  and 
like  them  jire  very  active  animals.  I  was  often  able  to 
observe  their  gambols  in  the  furests ;  and  on  one  oei\^\tt\i, 
when  s^fing  ibr  a  few  days  at  one  of  the  ttaveW^rs  x^^V 
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houses  in  Sunmtm,  surrounded  by  dense  foreflts  and  with 
no  Eiin>j>eiin  residt^ntH  within  many  niilcs,  a  large  fanujy 
of  the  monkeys  ht.'re  figured  (Fig,  31)  were  in  ii  tree  close 
to  the  house.  They  took  no  notice  of  the  natives  who  were 
about,  but  the  moment  I  came  out  they  showed  sigiiB  of 
alann,  stared  at  me  for  perhaps  half  a  minutc%  ami  then 
began  to  move  off  The  next  tree  ha})pened  to  be  a  niiieh 
lower  one,  and  the  old  monkeys  at  once  leaped  on  to  the 
mass  of  foliage  perhaps  twenty  or  thirty  feet  below  them. 
The  younger  ones  followed,  but  with  evident  hesitation, 
and  the  last  two  did  not  like  it  at  alt,  and  ran  a  little  to 


one  side  or  anc^then  looking  as  if  e*pially  afraid  to  stay  or 
go  on.  At  length,  juHt  as  the  others  were  disappearing  in 
the  deep  forest,  and  .seeing  no  r»ther  means  of  escape,  they 
t<iok  the  dreadful  ju-mp,  whirling  about  in  the  air  and 
disfippearing  with  a  cmsh  in  the  mass  ijf  foliage,  but  just 
saving  thems*.*lves  from  coming  to  the  ground* 

The  hist  group  of  Eastern  monkeys  are  the  Macaques 
(genus  Macacus),  wliich  are  more  like  baboon.s  in  general 
form,  and  often  run  upon  the  gi-oimd.  They  are  more 
bold  and  vicious  than  the  othivra  All  liave  cheek  pouches, 
and  though  some  have  livng  tails  in  others  the  tail  is 
short,  or  reduced  to  a  mere  stump.  In  some  few  this 
^turnp  is  m   very  short  that  iherii  \s  tvo  ^Tt^tenv?^  ^V, 
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the  magot  of  North  Africa,  and  Gibraltar,  and  in  an 
sixicies  that   inhabits  Japan,      The   species   here 
d  Ws  a  short  tail  and  ia  a  native  of  Arracan, 


be  monkeys  whii^h  inhabit  Amerii-a  form  three  vcrj' 
__  hct  gnmps :  ]f<t — the  8apijuiis,  whk\v  fea>iti  T^tA\ti\v 
3jle  or  gmspmg  tails;    Snd— the    Sagoums,  V4\vvdEv  W^ft 
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oi>:Iinary  tails,  either  long  or  short;  and,  8rd — the  Mar- 
raosots,  very  small  creature!?,  with  wharp  claws,  long  tjiib, 
which  are  not  prehensile,  and  a  smaller  number  of  teeth 
than  all  other  American  monkeys.  Each  of  these  three 
groups  contain  seveml  sub-groujjs,  or  ^aicra,  whieh  ollon 
differ  remarkably  from  eacli  other,  and  from  all  the 
monkeys  of  the  Old  World. 

We  will  begin  with  the  Howling  Monkeys  (genus 
Mycetes),  which  are  the  largest  found  in  Amerieat  and 
are  celebmted  for  the  loud  voice  of  the  males.  Often  in 
the  great  ibrcsts  of  the  Amazon  or  Oronooko  a  tremen- 
dous noise  is  heard  in  the  night  or  early  morning,  as  if 


¥w.  aa,— sRtrt-L  or  iiowtta  {M^Ut  ttntfulvt). 

a  great  a-ssemblage  of  wild  beasts  were  all  roaring  and 
screaming  t<igethen  The  noise  may  be  heard  for  miles, 
and  it  is  Inuder  and  more  piercing  than  that  of  any  other 
animals^  yi.*t  it  is  all  produced  by  a  single  male  howler 
sitting  on  the  branches  of  st)me  lofty  tree.  They  are 
enabled  to  make  this  extmoi-dinary  noise  by  means  of  an 
organ  that  is  possessed  by  no  other  animal.  The  lower 
Jaw  is  unusually  deep,  as  shown  in  the  accom[mnying 
figure,  and  this'  makes  room  tot  ^  WAlmv  bony  vessel 
about  the  size  of  a  large  wa\uut^  &\tu&^'a^  uiA^t  "Otv^  tvsKiX. 


of  the  tongue  and  being  an  outgrowth  of  the  hyoid  bone, 
with  an  opening  into  the  windjiipe  by  which  the  animal 
can  force  air  into  it.  Thi^  increases  the  power  of  its 
voice j  acting  Bomething  lik*^  the  hollow  case  of  a  vioUn, 
and  prcKlucing  tho!?e  uiarvelluus  rolling  and  reverberating 
so  Unas  %vhich  caus£*d  the  celeb  m  ted  traveller  Water  ton 
to  declare  that  they  wuro  such  as  might  have  had  their 
origin  in  the  infernal  regions.  The  howlens  are  large  and 
stout-bodied  monkeys  with  bearded  faces,  and  with  very 
strong  and  powerfully  grasping  tails.  They  inhabit  the 
wildest  forests  ;  they  are  very  shy,  and  are  seldom  taken 
captive,  though  they  are  less  active  than  many  other 
Araerican  monkeys. 

Next  come  the  Spider-Monkeys  (genus  Ateles),  so  called 
from  their  blender  bodies  and  enormously  long  limbs  and 
tail  In  these  monkeys,  the  tail  is  so  long,  strong,  and 
perfect,  that  it  completely  takes  the  place  of  a  fifth  hand. 
By  twisting  the  end  of  it  round  a  branch  the  animal  can 
swing  freely  in  the  air  with  complete  safety ;  and  this 
gives  them  a  wonderful  power  of  climbing  and  passing 
from  tree  to  tree,  because  the  distance  they  can  stretch 
is  that  of  the  tail^  body,  aiid  anii  added  together,  and 
these  are  all  unusually  long.  They  can  also  swing  them- 
selves through  the  air  for  great  distances,  and  are  thus 
able  to  pass  rapidly  from  tree  t<i  tree  without  ever  de- 
scending to  the  ground,  just  like  the  gibbons  in  the 
Malayan  forests.  Although  capable  of  feats  of  wonderful 
agility,  when  needful,  the  spider-monkeys  are  usually  slow 
and  deliberate  in  their  motions,  and  have  a  timid,  melan- 
choly expression,  very  different  from  that  of  most 
monkeys.  Their  hands  are  very  long,  but  have  only  four 
fingers^  being  adapted  for  hanging  on  to  branches  rather 
than  for  getting  hold  of  small  objects.  It  is  said  that 
when  they  have  to  cross  a  river  the  trees  on  the  opposite 
banks  of  which  do  not  ajjproach  near  enough  for  a  leap, 
several  of  them  form  a  chain,  one  hanging  by  its  t-ail  from 
a  lofty  oVL'rhanging  branch  and  seizing  hold  of  the  tail  of 
the  one  belosv  it,  then  giiulually  swinging  themselves 
backwards  and  forwanrls  till  the  lower  one  is  able  to  seize 
hold  of  a  branch  on  the  opposite  side.     He  then  climbs 


lOS 


STUDIES,  SCIENTIFIC  AND  SOCIAL 


up  the  tree,  atid,  when  sufficiently  high,  tlit^  finfit  one  lets 
go,  and  the  swing  either  carries  hini  across  to  a  bough  on 
the  opposite  side  or  he  climbs  up  over  his  companions. 
The  species  here  figured  inhabits  Mexico,  and  exhibits 
the  chief  characteristics  of  the  genus  to  which  it  belongs. 


Closely  allied  to  the  last  are  the  Woolly  Monkeys  of  the 
genus  Lagothrix,  which  have  an  equally  well-developeci 
prehensile  tail,  but  better  proportioned  limbs,  and  a  thick 
woolly  fur  of  a  uniform  grey  or  broivTiish  colour*  They 
have  well- formed  fingers  and  thumbs,  both  on  the  hands 
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and  feet,  and  are  rather  doIibDmtc  in  their  motions,  and 
exceedingly  tame  and  affectionate  in  captivity.  Thoy  are 
great  eaterB,  and  are  usually  very  fat.  They  are  found 
only  in  the  far  interior  of  the  Amazon  valley,  and,  having 
a  delicate  constitiition,  seldom  live  long  in  Enropa  These 
monkeys  are  not  so  fond  of  swinginep  themselves  about  by 
their   tails  as  are   the  spider  monKeys,  and    offer  more 


Wm,  $ti,'^iwutmu)ft'^  woolly  MoitKSir  {LaifolhrU  fhtmiiottitit}. 


■  opportunities  of  observing  how  completely  this  oi^an  takes 
the  place  of  the  fifth  hand.  When  walking  about  a 
house  or  on  the  deck  of  a  ship  the  partially  curled  tail  is 
carried  in  a  horizontal  position  on  the  ground,  and  the 
moment  it  touches  anything  it  twists  rouno  it  and  brings  it 
forward,  when,  if  eatable,  it  is  at  once  appropriated ;  and 
when  faatened  up  the  animal  will  obtain  any  food  that  may 
be  out  of  reach  of  it.^  haniJs  with  the  greatest  fufi.Uvt.N 
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picking  up  small  bits  of  biscuit,  nuts,  fca,  much  as  an 
elephant  docs  with  the  tip  of  his  trunk.  The  £tpc:cies  heix^ 
figured  is  a  native  of  the  Upper  Amazon,  and  as  1  had  one 
alive  far  some  weekn  I  had  a  good  opportuuity  of  observing 
its  habit?^,  as  above  described.  (Fig.  Ji5  on  piTceding  page/) 

We  now  come  to  a  group  of  monkeys  whose  prehensile 
tail  is  of  a  less  perfect  character,  since  it  is  covered  with 


hair  to  the  tip,  and  is  of  no  use  to  pick  up  objects.  It 
can,  however,  curl  round  a  branch,  and  senses  to  steady 
the  animal  while  sitting  or  feeding,  but  is  never  used  to 
hang  and  swing  by  in  the  manner  so  common  with  the  spider 
uioukeys  and  their  allies.  These  are  rather  small  sissed 
animals,  with  round  heads  and  with  modem tely  long  Uvils. 
They  are  very  active  and  intijlligent,  their  limbs  are  not 
so  hngas'm  the  preceding  gruuji,  and  though  they  have  five 
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nn  each  hand  and  foot,  the  hands  have  weak  and 
h ard  \ y  o p pos.'!]  tlv  th o i n  1  is.  8 u in u  h j H\ civs  of  t h VBO  in  ( i n k  o y s 
are  otlten  earned  about  by  itinemnt  organ -men  ^  and  an? 
tsiiight  to  walk  erect  and  pcrff>nn  many  ainusing  trieks. 
They  ftirm  the  genua  Cebus  of  naturalists,  and  the  woixi- 
cut  (Fig,  30)  shows  the  chief  characteriistics  of  the  genus, 
the  species  of  which  are  rather  numerous. 

The  remainder  of  the  American  monkeys  have  non- 
prchensile  tails,  like  those  of  the  monkeys  of  the  Eiistorn 
heniisphere ;  hub  they  consist  of  several  distinct  groups,  and 
differ  very  much  in  appearance  and  habits.  First  wc  ha^'c  the 
Srikis  (Pithecia),  which  have  a  bushy  tail  and  usually  verj" 
long  and  thick  hair,  something  like  that  of  a  beiin  This 
is  the  case  in  the  hairy  Saki  or  Faraua^ii  of  the  Upper 
Amazon  (see  the  lower  figure  in  the  Plate,  p.  172).  Mr.  Bates 
describes  it  as  being  a  timid, inoffensive  creature,  with  a  long 
bear-like  coat  of  sj>eckk.*d  grey  bain  The  long  hair  of  the 
head  hangs  down,so  as  to  jmrtly  conceal  the  pleasing  diminu- 
tive face.  It  is  a  very  delicate  animal,  rarely  living  in  cap- 
tivity more  than  a  month  or  two  even  in  its  native  conn  try. 
It  is  found  on  the  northern  shore  of  the  Upper  Amazon  i^ 
far  as  Pern,  and  a  different  but  closely  allied  species  is  found 
south  of  the  great  river,  which,  as  weil  as  the  Rio  Negro, 
Km  its  the  range  of  several  species  both  of  quad  nip  eds  and 
birds*  In  some  species  the  tail  is  very  short,  appearing  like  a 
rounded  tuft  of  hair;  many  of  the  species  have  fine  bushy 
whiskers,  which  meet  under  the  chin,  and  appear  as  if  they 
had  been  dressed  and  trimmed  by  a  barber,  and  the  head 
is  often  covered  with  thick  curly  hair,  looking  like  a  wig. 

The  Uacari  monkeys,  forming  the  genus  Erachiurus, 
have  the  face  quite  red,  and  one  has  the  ne^id  nearly  bald,  a 
remarkable  peculiarity  among  monkeys.  This  latter 
_  ieswas  met  with  by  Mn  Bates  on  the  Upper  Amazon, 
and  is  figured  at  the  toi>  of  the  Plate.     He  di^scribes  the 

ce  as  being  of  a  vivid  scarlet,  the  borly  chttherl  from  neck 
tail  with  very  long,  straight,  and  shining  white  hair, 
rhile  the  head  is  nearly  bald,  lowing  to  the  very  short  crop 
of  thin  grey  haii^.  As  a  finish  to  their  striking  physiog- 
nomy these  monkeys  have  bunhy  whiskers  of  a  sandy 
colour  meeting  umlvr  the  chiu,  and  yel\i>w\a\i-gc^^  ^"^^"^^ 
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The  colour  uf  the  face  is  so  vivid  that  it  looks  as  if  covered 
with  a  thick  coat  of  bright  sciirlut  paint.  ThcBe  creAtures 
are  very  delicate,  and  have  never  reached  Eunipe  alive. 

An  allied  group  consists  of  the  elegant  Squirrel-Monkeys 
(Callithrix  and  Chrysothrix),  with  long, straight,  hairy  tails, 
ami  ofteo  adorned  with  prettily  variegated  colours.     They 


L-RlJfE  NIOUT  MuMtLKV   lAyctipithttVa  icinuriniiA^ 


ari^  usually  small  animals;  some  have  the  face  marked 
with  black  and  white,  others  have  curious  whiskers,  and 
their  nails  are  mther  sharp  and  claw-like.  They  have 
large  it3und  hefuls,  and  their  fur  is  niore  glossy  and 
smooth  than  in  nujst  other  Atiuu-iean  monkeys,  so  that 
they  more  resemble  some  of  the  smaller  monkeys  of 
Africa,      Tbe-se  Uttie  crcaUtres  are  very  active,  tv\iu\\\\% 
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about    the   trees   like   squirrels,  and  feeding  largely  on 
insects  as  well  as  on  fruit. 

Closely  allied  to  these  are  the  small  group  of  Night- 
Monkeys  (Nyctipithecus),  which  have  large  eyes,  and  a 
round  face  surrounded  by  a  kind  of  ruff  of  whitish  for, 
so  as  to  give  it  an  owl-like  appearance,  whence  they  are 
sometimes  called  owl-faced  monkeys.  They  are  covered 
with  soft  grey  fur,  like  that  of  a  rabbit,  and  sleep  all  day 
long  concealed  in  hollow  trees.  The  face  is  also  marked 
with  white  patches  and  stripes,  giving  it  a  rather  carnivor- 
ous or  cat-like  aspect,  which,  perhaps,  serves  as  a  protec- 
tion, by  causing  the  defenceless  creature  to  be  taken  for 
an  arborciil  tiger-cat  or  some  such  beast  of  prey.  The  cut 
(Fig  39  on  the  preceding  page)  well  represents  the  pecu- 
liarities of  these  remarkable  monkeys. 

This  finishes  the  series  of  such  of  the  American  monkeys 
as  have  a  larger  number  of  teeth  than  those  of  the  Old 
World.     But  there  Ls  another  group,  the  Marmosets,  form- 
ing the  sub-family  Hapalidw,  which  have  the  same  number 
of  teeth   as  Eastern  monkeys,  but  differently  distributed 
ill  the  jaws,  a  pre-molar  being  substituted  for  a  molar 
tooth.       In    other  jxirticulars   they    resemble    the  rest 
of  the  American  monkeys.      These  are   very   small  and 
d(?licate  creatures,  some  having  a  body  only  seven  inches 
long.    The  thumb  of  the  hands  is  not  opposable,  ami  instead 
of  nails  they  have  sharp  compressed  claws.     These  dimiuu- 
tive  monkeys  have  long  non-prehensile  tails,  and  they  have 
a  silky  fur  often  of  varied  and  beautiful  colour.     Some 
arc  striped  with  grey  and  white,  or  are  of  rich  brown  or 
golden    brown    tints,     varied   by   having    the    head    or 
shoulders  white  or  black,  while  in  many  there  are  crests, 
frills,  manes,  or  long  ear  tufts,  adding  greatly  to  their 
variety  and  beauty.     The  species  figured  (on  the  opposite 
page)  is  of  beautiful  yellow  and  white  tints,  and  is  found 
in   the  valley  of  the  Madeira,  one  of  the  great  southern 
tributaries  of  the  Amazon.   The  little  marmosets  are  timid 
and  restl(3ss ;  their  motions  are  more  like  those  of  a  scpiirrel 
than  a  monkey.      Their  sharp  claws  enable  them  to  run 
quickly  along  the  branches,but  they  seldom  leap  from  bough 
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to  bough  like  tlit^  largtir  monkeys.  They  live  on  fniits  and 
insects,  but  are  much  afraid  of  Wiiiapa,  which  they  are  said 
tij  recognise  even  in  a  pictiir"e> 

This  completes  our  nieagi-e  sketch  of  the  American 
niookcyi?,  and  we  bco  that,  although  they  possess  no  such 
remarkable  forms  as  the  gorilla  or  the  baboons,  yet  they 
exhibit  a  wonderful  diversity  of  externa]  chamcters,  con- 
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«]dering  that  all  seem  equally  iidapted  to  a  purely  arboreal 
tife.  In  the  howleiis  we  have  a  specially  developed  voice- 
Ufg^Ui  which  is  altogether  peculiar  ;  in  the  spider-monkeys 
we  find  the  atluptatiou  to  active  motion  among  the  topmost 
branches  of  the  forewt  trees  carried  ti.»  an  oxtrojue  point  of 
development ;  while  the  siugular  nocturnal  monkeys,  the 
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active   squirrel -monkeys,  and  the    exquisite    little   mar- 

mosets,  show  how  distinct  ai'c  the  forms  under  which  the 
same  general  type  may  be  exhibited,  and  in  how  many 
varied  ways  existence  may  be  sustained  under  almost 
identiciil  conditions. 

Lemurs, 

In  the  geneml  term  monkeys^  considered  as  equivalent 
to  the  order  FHmatiis,  or  the  Quadrnmana  of  the  older 
naturalists,  we  have  to  include  another  sub-type,  that  of 
the  Lemurs.     The^e  animals  are  of  a  lower  grade  than 
the  true  monkeys,  from  which  they  differ   in   so  many 
points  of  structure  that  they  are  considered  to  form  a 
distinct  sub-order,  or,  by  some  naturalists,  even  a  se pirate 
order.     They  have  usually  a  larger  head  and  more  pointed  I 
muzzle    than   monkeys;   they    vary  considerably   in  the  ■ 
number,   form,   and    armugement    of    the    teeth ;    their 
thumbs  are  always  welUdeveloped,  but  their  fingers  vary 
much  in  size  and  length ;  their  tails  are  usually  long,  but 
several  species  have  no  tail  whatever,  and  they  are  clothed 
with  a  more  or  less  woolly  fur,  often  prettily  variegated  _ 
with  white  and  black.     They  inhabit  the  deep  forests  of  ■ 
Africa,  Madagascar,  and   Southern  Asia,    and   are    more 
sluggiyh  in  their  movements  than  true  monkeys,  most  of 
them  being  of  nocturnal  or  crepuscular  habits.     They  feed 
largely  on  Insects,  eating  also  fruits  and  the  eggs  or  yoimg 
of  birds. 

The  slow  lemurs  of  South  India  (forming  the  genera 
Nyciicebus  and  Lor  is)  are  small,  tailless  nocturnal 
animals,  somewhat  resembling  sloths  in  appearance,  and 
almost  as  deliberate  in  their  movements,  except  when  in 
the  act  of  seizing  their  insect  food.  The  species  figured 
(Fig.  41)  is  the  Gray  Loris  of  Siam  and  the  adjacent 
countries.  It  lives  in  the  deep  forests  of  the  mountains, 
sleeping  during  the  day  in  holes  of  trees,  but  at  night 
roaming  about  among  the  branches  in  search  <jf  fruit  and 
tender  leaves,  as  well  ixs  insects,  mice,  or  small  birds.  It 
moves  slowly  and  noiselesst}^  till  it  can  suddenly  seize  its 
prey  with  its  grasping  hand.  The  grey  fur  renders  it 
nhnost  invisible  at  night,  v^hik  its  largely  developed  eyes 
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enable  it  to  discover  its  prey.  The  Tarsier  (g^BUs  Tamils) 
or  spectre-lemur,  of  the  Malay  islands,  is  a  small  loog- 
tailed  nocturnal  lt.*niur,  rmjiarkfible  for  the  curious  develop- 
ment of  the  hind  feet,  which  have  two  of  the  U:*eB  very 
short  and  with  sharp  claws,  while  the  others  have  naile, 
the  third  t*>e  being  esceGtlingly  l^>ng  and  slender,  though 
the  thumb  is  very  large,  giving  the  feet  a  very  irregular 
and  outr^  appearance.  Even  more  curious  is  the  Aye-aye 
of  Madagascar  (Chiromys),  the  most  remarkable  of  all  the 
It^murs.  This  animal  has  very  lai^e  ears  and  a  squirrel- 
like tail  J  with  long  spreading  hair.     It  has  large  curved 
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incisor  teeth,  which  add  to  its  squirrel- like  appc^arance  and 
caused  the  early  natuniHsts  to  class  it  among  the  rudents. 
But  its  most  remarkable  chamcter  is  found  in  its  fore- feet 
or  hands,  the  lingers  of  which  are  all  very  long  and  anned 
with  sharj}  curved  claws,  but  one  of  them,  the  second,  is 
wonderfully  slender,  being  not  half  the  thickness  of  the 
othera  This  curious  combination  of  characters  shows  that 
the  ajre-aye  is  a  very  specialized  fonu — that  is,  one  whose 
organisation  has  been  slowly  modified  to  fit  it  for  a 
peculiar  mode  of  life.  From  information  received  Ittom  \\a 
VOL.  /.  TH 
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native  country,  and  from  a  profoimd  study  nf  its  organisca- 

tion,  Professor  Owen  believes  that  it  is  ndapted  tiir  the 
one  purpose  of  feeding  an  the  larvae  of  woud-boriiig  insects. 
Its  large  feet  and  sharp  claw^  enable  it  to  cling  firmly 
to  the  branchea  of  trees  in  ahnost  any  position  ;  by  means 
of  its  large  delicate  uai^  it  listens  for  the  sound  of  the 
inscict  gnawing  within  the  branch,  and  is  thus  able  t*)  fix 
its  exact  positiijn ;  with  its  iHisvcrfuI  curved  gnawing 
teeth,  as  8een  in  the  aepuiuiianying  figure  of  the  skull,  it 
rapidly  cnta  away  the*  bark  and  woml  till  it  expost^  the 
burrow  of  the  insect,  nioHt  probably  the  soft  larva  of  some 
beetle,  and  then  comes  into  play  the  extnii>rdinary  long 
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wire-like  finger,  wbich  enters  the  emati  cylindricid  buiTow, 
and  with  the  sharp  bent  claw  hookas  out  the  grub.  Here  we 
have  a  most  complex  adaptation  of  different  parts  and 
organs  all  converging  to  one  special  end,  that  end  being 
the  same  as  is  reached  by  a  group  of  birds,  the  wood- 
peckers, in  a  difterent  way ;  and  it  is  a  most  interesting 
fact  that,  although  woodpeckers  abound  in  all  the  great 
continents!  and  are  especially  common  in  the  tropical 
forests  of  Asia,  Africa,  and  Ameriai,  they  are  quite  afeent 
from  Madaj^car.  We  may  therefore  consider  that  the 
aye-aye  really  occupies  the  same  place  in  nature  in  the 
forests  of  this  tropical  island,  aa  do  the  woodpeckers  in 
other  parts  of  the  world. 


Pin.  43.— RiNO'TAiLKii  LCHUB  {L^mur  ailta}. 


country,  and  is  a  very  delightful  pet.  It  ha**,  however, 
the  habit  of  springing  suddenly  on  to  the  shoulders  of 
friends  or  strangers  in  a  rather  alarming  manner.  A  few 
years  ago  a  speeinien  (of  whose  C3dstence  near  us  I  was 
not  aware)  walked  quietly  into  my  garden,  and  showing 
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not  the  least  fear,  most  unexpectedly  jam  pod  upon  my 
«hon1<^e^J  and  theuct*  into  ii  tm*  un«ier  which  I  Wits  st-jind- 
ing.  It  is  abfiub  tht;  aizc  nf  n  largts  cat.,  but  with  lunger 
limbs.  The  woodcut  (Fig.  43)  gives  an  cxcullent  idea 
of  this  beautiful  animal. 

There  are  also  several  smaller  lemni^  in  Madagascar 
belonging  to  the  genus  Chii'ogaleua,  so  that  this  wonrlor- 
ful  island  contains  twcnty-aix  species  of  the  sub-oi"der, 
while  tropical  and  Houth  Afiicti  has  only  sixteen  and  Asia 
five.  The  African  specien  nH>stly  belong  Uj  the  genus 
Galago,  which  consiats  of  small  long- tailed  active  animals, 
and  two  others  of  the  genua  Pcrodicticus,  which  are  tail- 
less and  confined  to  the  dense  forests  of  ec(uatr>rial  West 
Africa,     All  are  alike  nocturnal  in  their  habits, 

Didrihition^  AJinUieSt  and  Zoological  Ba7ik  of  Monkeif$y 

Having  thus  sketched  an  outline  of  the  monkey  tribe 
as  n;igams  their  more  prominent  external  characters  and 
habits,  we  must  say  a  few  words  on  their  geneml  relations 
as  a  dLstinct  order  of  mammalia.  No  other  group  so 
extensive  and  so  varied  as  this,  is  so  exclusively  tropical 
in  its  iliatribution,  a  circumstance  no  doubt  due  to  the  fact 
that  monkeys  dejjend  so  largely  on  fruit  and  insects  for 
their  subsistence.  A  very  few  species  extend  into  the 
wanner  parts  of  the  temperate  zones,  their  extreme  limits 
in  the  northern  hemisphere  being  Gibraltar,  the  Western 
Himalayas  at  11,000  feet  elevation,  East  Thibet,  and 
Southern  Jap^in.  In  America  they  are  found  in  Mexico, 
but  do  not  appear  to  pass  beyond  the  tropic.  In  the 
Southern  hemisphere  they  are  limited  by  the  extent  of 
the  forests  in  South  Brazil,  which  reach  about  liO^  south 
latitude.  In  the  East,  owing  tr>  their  entire  absence  from 
Australia,  they  do  not  reach  the  southern  tro]>ic ;  but  in 
Africa  some  baboons  ninge  to  the  southern  extremity  of 
the  continent. 

But  this  extreme  restriction  of  the  order  to  almost 
tropical  lands  is  only  i*ecent.  Directly  we  go  back  to 
the  Pliocene  period  of  geology  we  find  the  remains  of 
monkeys  in  France^  and  even  lu  England*     In  the  earlier 
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Mioceae  period  seveml  kinds,  some  of  lai^  size,  lived 
in  FraDce^  Germany,  and  Greece,  all  more  or  less  closely 
allied  to  living  forms  of  Asia  and  Africa.  About  the  same 
periud  monkeys  of  the  South  American  type  inhabited 
the  United  States,  In  the  remote  Eocene  period  the 
same  temperate  lands  were  inhabited  by  lemurs  in  the 
East,  and  by  curious  animals  believed  to  be  intermediate 
between  lemurs  and  maruiosets  in  the  West.  We  know 
from  a  variety  of  other  evidence  that  thTOUghont  these 
vast  periods  a  mild  and  almost  sub-tropical  climate  extended 
over  all  Central  Europe  and  parts  of  North  America,  while 
one  of  a  temperate  ehanicter  prevailed  as  far  north  as  the 
Arctic  circle.  The  monkey  tribe,  in  these  remote  periods, 
enjoyed  a  far  greater  range  over  the  e^rth,  and  perhaps 
filled  a  more  important  place  in  Nature  than  it  does 
now*  Its  restriction  to  the  comparatively  narrow  limits 
of  the  tropics  is  no  doubt  mainly  due  to  the  great  altera- 
tion of  climate  which  occurred  at  the  close  of  the  Tertiaiy 
period,  but  it  may  have  been  aided  by  the  continuous 
development  of  varied  forms  of  mammalian  life  better 
fitted  for  the  contrastetl  seasons  and  deciduous  vegetation 
of  the  north  temiierate  regions.  The  more  extensive  area 
formerly  inhabited  by  the  monkey  tribe,  would  have 
&VDured  their  development  into  a  number  of  divergent 
ferm8  in  distant  regions  and  adapted  to  distinct  modes 
of  life.  As  these  retreated  southward  and  became  con- 
centrated in  a  more  limited  area,  such  as  were  able  to 
maintain  themselves  became  mingled  t4jgether  as  we  now 
5nd  them,  the  ancient  and  luwly  marmosets  and  lemurs 
subsisting  side  by  side  with  the  more  recent  and  more 
highly  developed  howlers  and  anthn^poid  apes. 

Throughout  the  long  ages  of  the  Tertiary  period 
monkeys  must  have  been  very  abundant  and  very  varied, 
yet  it  is  but  rarely  that  their  fos^sil  remains  are  found. 
This,  however,  is  not  difficult  to  explain.  The  deposits  in 
which  mammalian  remains  most  abound  ^i-re  those  formed 
in  lakes  or  in  caverns.  In  the  former  the  bcxlies  of  large 
tiumberB  of  terrestrial  animals  were  annually  deposited, 
owing  to  their  having  been  caught  by  floods  in  the  tribu- 
taiy  streams^  swallowed  up  in  marginal  bogs  or  quicksands, 
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or  drowned  by  the  giving  way  of  ice.  Caverns  y^eve  the 
haunts  of  hyge?naB,  tigers,  bears^  and  other  bejists  of  prey, 
which  dragged  into  them  the  bodies  of  their  victims,  aiid 
left  many  of  their  bones  to  become  imbedded  in  stalag* 
mite  or  in  the  muddy  deposit  left  by  floods^  while 
herbivorous  animals  were  often  carried  into  them  by  these 
floods,  or  by  falling  down  the  swallow- holes  which  often 
open  into  caverns  from  above.  But,  owing  to  their  arboreal 
habits,  monkeys  were  to  a  gi'eat  extent  freed  from  all 
these  dangers.  Whether  devoured  by  bciistB  or  birds  ol' 
prey,  or  dying  a  natural  death,  their  bones  would  usually 
be  left  on  dry  land,  where  they  would  slowly  decay  under 
atmospheric  influences.  Only  under  very  exceptional  cir- 
cumstances would  they  become  imbedded  in  aqueous 
deposits ;  and  instead  of  being  surprised  at  their  rarity 
we  should  rather  wonder  that  so  many  have  bt*en  dis- 
covered in  a  fossil  state. 

Monkeys,  as  a  whole,  fonn  a  very  isolated  group,  having 
no  near  relations  to  any  other  mammalia.  This  is  un- 
doubtedly an  indication  of  great  antiquity.  The  peculiar 
type  which  has  since  reached  so  high  a  development  must 
have  branched  oflF  the  great  mammalian  stock  at  a  very 
remote  epoch,  certainly  as  far  back  as  the  Secondary 
period,  einee  in  the  Eocene  wc  find  lemurs  and  lem urine 
monkeys  already  spueialised.  At  this  remoter  period  they 
were  probably  not  sepamblo  from  the  insectivora^  or 
(perhaps)  horn  the  anccstml  nxarsupials.  Even  now  we 
have  one  living  form,  the  curioas  tialeopithecus  or  Hying 
lemur,  which  has  only  recently  been  separated  from  the 
lemurs  with  which  it  was  formerly  united,  to  be  c hissed  as 
one  of  the  insectivora;  and  it  is  only  among  the  Opossums 
and  some  other  marsupials  that  we  again  find  hand-like 
feet  w^ith  opposable  thumbs,  which  arc  such  a  curious  and 
crinstant  feature  of  the  monkey  tribe* 

This  relationship  to  the  lowest  of  the  uuunmalian  tribes 
seems  inconsistent  with  the  place  usually  accorded  to 
these  animals  at  the  heiid  of  the  entire  mammalian  series, 
and  opens  up  Ihe  question  whether  this  is  a  real  supe- 
riority or  whether  it  depends  merely  on  the  obvious 
relationship  to  ourselves.     If  wc  could  suppose  a  being 
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gifted  with  high  inteHigence,  but  with  a  form  totally 
unlike  that  of  man,  to  have  visited  the  earth  before  man 
existed  in  order  to  study  the  various  forms  of  animal  life 
that  were  found  there,  we  can  hardly  think  he  would  have 
placed  the  monkey  tribe  ho  high  4i3  we  do.  He  would 
observe  that  their  whole  organisation  was  specially  adapted 
to  an  arboreal  life^  and  thisi  j^pecialisation  would  be  rather 
against  their  claiming  the  first  rank  among  terrestrial 
creatures.  Neither  in  size,  nor  strength,  nor  beauty, 
would  they  compare  with  many  other  forms,  while  in 
inieUigence  they  would  not  surpass,  even  if  they  equalled, 
the  horse,  the  elephant,  or  the  beaver.  The  caridvora,  as 
a  whole,  would  certainly  be  held  to  surpass  them  in  the 
exquisite  perfection  of  their  physical  structure,  while  the 
flexible  trunk  of  the  elephant,  combined  with  his  vast 
strength  and  admimble  sagiunty,  would  probably  gain  for 
him  the  fii"«t  rank  in  the  animal  creation. 

But  if  this  would  have  been  a  true  estimate,  the  mere 
fact  that  the  ape  is  our  nearest  relation  does  not  ncces* 
SEirily  obhge  us  to  come  to  any  other  conclusion,     Man  is 
ndoubtedly  the  most  perfect  of  all  animals,  but  he  is  srj 
Bolely  in  ix-^pect  of  characters  in  which  he  differs  from  all 
the  monkey  tribe— the  easily  erect  posture,  the  perfect 
freedom  of  the  handw   from  all   part  in  locomotion,  the 
large  size  and  complete  uijposability  of  the  thumb,  and 
he  well-developed  bmin,  which  enables  him  fully  to  utilise 
hese  combined  physical  tulvantages.     The  monkeys  have 
none  of  these;  and  without  them  the  amount  of  resem- 
blance they  have  to  us   is  no  advMut:i.L^^t',  and  confers  no 
rank.     We  are  biassed  by  the  tcwj  iXtrluwivu  consideration 
of  the  man- like  apes.     If  these  did  not  exist  the  remain- 
^^ing  monkeys  could  not  be  thereby  deteriomted  as  to  their 
^^■rganisjitiun  or  lowered  in  thi*ir  swo logical  position,  but  it 
^^B  doubtful  if  we  should  then  clasa  them  so  high  nks  we 
|How  do.     We  loight  tlieti  dwell  more  on  tlieir  resemblances 
^ti*  lower  iypi^M — to  rodents,  to  insectivora,  and  to  nmr- 

«giipials,  and  should  hardly  rank  the  hideous  b^iboon  above 
Hie  g'raceful  leopanl  or  stately  stag.  The  true  conclusion 
Ippeai's  to  be,  that  the  combination  of  external  characters 
and  internal  structure  which  exists  in  the  monkeys,  is  that 


^^o 
th 
frc 

^' 


i 


184 


STUDIES,  SCIENTIFIC  AND  SOCIAL 


GB.  VII 


which,  when  greatly  improved,  refined,  and  beautified,  was 
best  calculated  to  become  the  perfect  instrument  of  the 
human  intellect  and  to  aid  in  the  development  of  man's 
higher  nature ;  while,  on  the  other  hand,  in  the  rude, 
inharmonious,  and  undeveloped  state  which  it  has  reached 
in  the  quadrumana,  it  is  by  no  means  worthy  of  the 
highest  place,  or  can  be  held  to  exhibit  the  most  perfect 
development  of  sub-human  animal  life. 
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THE  DISGUISES  OF   INSECfS 
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Every  one  has  heard  of  the  wonderful  Leaf- insect  of 
the  tropics,  which  is  scarcely  less  a  puzzle  to  the  scientific 
naturalist  than  it  is  to  the  natives  of  the  eouotnea  it 
inhabits.  I  have  been  told  over  and  over  again  by  in- 
telligent persons  in  the  East  of  the^  curious  plant  whose 
leaver  changed  into  insects  I  And  I  could  never  convince 
them  that  this  was  nut  tho  true  explanation,  for  they 
would  say,  *'  It  is  no  good  your  trying  to  pei^uadc  me,  for 
I  have  s£€n  the  creature  myself;  and  I  assure  you  that 
it  hag  real  leaves  growing  out  of  it,  exactly  the  same  as 
the  other  leaves  that  grow  upon  the  tree,'*  And  w^e  really 
cannot  wonder  at  this  belief,  for  when  the  cix^ature  is 
alive  it  remains  motionless  among  the  foliage,  and  the 
colour,  veining,  fonn,  and  textun*  of  its  wing-covei's  and 
apixjndages,  are  so  wonderfully  like  those  of  leaves  that  it 
is  extremely  difficult  to  distingui.sh  it  at  alL 

A  few  yeai-s  since  a  specinicn  of  the  PhyUinm  seythr, 
the  "  Walking  Leaf"  of  Imlia,  was  kept  alive  at  the  Royal 
Botanic  Ganien  at  Edinburgh.  Mr.  Andrew  Murray  wrote 
a  long  account  of  it,  and  among  other  nuittem  says:  "It 
so  exactly  resembled  the  leaf  on  which  it  fed,  that  \^  hen 
visit*>rs  were  shown  it,  they  usually,  after  looking  carefully 
over  the  plant  for  a  minute,  declared  that  they  could  see 
uo  insect.  It  had  then  to  be  more  minutely  pointed  out 
Ui  them;  and  although  seeing  is  notoriously  said  to  be 
bulieving,  it  looked  so  absolutely  the  same  as  the  leaves 
among  which  it  rested,  that  this  tast  would  rarely  satisfy 
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them ;  and  nothing  would  convince  them  that  there  was  a 
real  live  insect  there  but  the  test  of  tuueh — it  had  to  be 
stirred  up  to  make  it  move,  or  taken  off  the  plant  to  crawl 
on  the  finger  of  the  attendant/' 

But  these  remarkable  insects  do  not  stand  alone.  There 
are  many  others  in  every  order  which  are  ''  disguised  **  in 
a  somewhat  similar  manner,  some  with  equal  perfection, 
others  less  accurately^  hut  all  serving  the  same  purpose — 
that  of  jjrotecting  the  insect  from  the  enemies  that  would 
destroy  it,  I  propose  now  to  give  a  short  account  of  some 
of  the  more  interesting  cases  that  occur  both  at  home  and 
in  the  more  luxuriant  regions  of  the  tropics. 

Almost  everyone  must  have  noticed  the  very  different 
way  in  which  the  bright  colours  are  distributed  in  butter- 
flies  and  moths.  In  the  former,  the  whole  upper  surface 
of  the  wings  is  adorned  with  equally  gay  cokmrs,  while  the 
under  surface  is  always  less  brilliant,  and  is  generally 
blotched  or  mottled  with  obscure  or  simple  huea  In  meet 
moths,  on  the  contniry,  the  bright  colour  is  restricted  to 
the  upper  surface  of  the  lower  wings,  the  upper  wings 
being  usually  of  variously  mottled  brown  or  ashy  tin^ 
This  difil*rence  is  at  once  seen  to  be  connected  with  the 
habits  of  the  insects,  the  conspicuous  colours  being  so 
iirmnged  as  to  be  visible  during  flight,  but  hidden  in 
rejjose.  On  the  other  hand,  the  beautiful  uiottlings  and 
spots  and  delicate  shadings  that  cause  so  many  moths  to 
!-esemble  bark  or  lichens,  or  leaves  or  twigs,  are  never 
develojied  on  those  parts  of  the  wings  which  are  hidden 
during  repose.  Thus  alt  the  Bombycida^  and  Noctuida*, 
which  conceal  their  hind  wings  when  at  rest,  have  them 
either  quite  plain  or  ornamented  with  rich  orange  or 
crimson  hues  ;  while  almost  all  the  Oeomefcrid^E,  which  rest 
with  their  wings  spread  open,  and  such  of  the  BouibycidiE 
as  have  the  ssimo  habit,  are  mottkul  utid  tinted  alike  on 
both  front  aiul  hind  wings. 

These  general  fiiets  as  to  the  distribution  of  colour  con- 
stitute the  fii^st  stiige  in  that  process  of  **  disguise  "  which 
becomes  so  wonderfully  developed  in  a  few  conspicuous 
cases.  The  next  stage  is  exhibitetl  by  the  fact  that  there 
is  a  geneml  agreement   between  the  colour  of  a  large 
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*hnmhQT  of  motha  and  the  prevailing  tints  of  nature  at  the 
seas4jn  when  they  appear.  Out  of  fifty-two  autiimii-flying 
moths,  it  has  been  noticed  that  a  large  proportion  are  of 
various  tint?^  of  yellow  ami  brown ^  so  as  exactly  to  match 
with  the  '^sere  and  yellow  leaf;"  while  in  winter  they  are 
of  grey  and  silvery  tints,  like  the  w;t,shed-out  leaves  and 
grass,  the  fog  and  the  hoar-froatj  which  give  a  tone  to 
every  landscape  at  this  season. 

We  now  coTiie  to  a  closer  and  more  sj>ecjal  disguise. 
Many  of  the  moths  that  rest  during  the  day  on  palings  or 
on  the  trunks  of  trt-cs  are  marked  and  coloured  so  as  to 


KKi    4l*-LAri'i:T  iinTU. 


match  the  tints  of  the  bark  and  lichen8,and  thus  to  escape 
observation.  As  exanijiles  of  this  mime  reus  class,  we  may 
mention  tw^o  of  our  commonest  species — the  **  Bagger  * 
(Acronycta  psi)  and  the  pretty  green  Aifriopis  apt^lina. 
The  Lappet  moth  {Gadroixtdm  qiu-rd/olia)  when  at  rest 
resembles  veiy  closely  a  small  bunch  of  dead  leaves ;  and 
at  a  little  distiincc  could  hardly  be  taken  to  be  a  moth,  so 
eurioiisly  dues  it  *ispre^Kl  out  its  hind  wingn  so  as  ti^  pro- 
ject beyond  the  others.  The  acconijjanying  cut  (Fig.  44) 
by  the  late  Mr.  T,  W.  Wood,  is  an  accurate  representation 
of  this  insect  in  its  attitude  of  repose. 
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One  of  the  most  curioug  of  these  resemblances  is  that 
of  the  Buff- tip  moth  {Fygmra  bucephala).  This  insect 
closes  its  wings  so  as  almost  to  form  a  cylinder;  and  on 
the  tip  of  each  wiog  is  an  oval  yellowish  spot,  edged  with 
a  dark  brown  double  line.  The  wings  ai-e  greyish  and 
hoary ;  and  the  head,  again,  is  much  contmcted  beneath 
the  large  thorax,  which  is  also  of  a  buff  colour,  with  a 
double  brown  marginal  line.  The  result  of  this  arrange- 
ment is  that  tlie  insect  looks  at  iirst  sight  like  a  piece  of 
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stick,  one  end  being  broken  off  nearly  s^^uare,  the  other 
end  more  ubliqnely  {Fig.  45);  and  m  it  often  rests  on  the 
ground,  among  gi-ass  or  on  leaves^  it  may  ea^sily  be  niia- 
taken  far  a  piece  of  a  broken  branch  wliich  has  fallen  to 
the  ground.  Many  more  of  these  beautiful  adaptations 
remain  to  be  discovered  in  our  native  insects.  That  iiTost 
elegant  insect,  the  Elephant  Hawk  moth,  is  of  a  reddish- 
pink  colon  r^  mingletl  with  dull  yellowish -green,  and  with 
specks  and  streaks  uf  white  ;  but  it  has  not  been  noticed 


THE  DTSGUTREB  OF  INSECTS 


ISO 


how  closet  J  all  these  colours  must  assimilate  it  to  the 
liaQcieome  n^d-fiowered  Willow-herb  (Epilobiutn),  on  which 
the  larva  feeds*  and  on  which  thi^  teinalc  instKJt,  while 
depositing  hL*r  egg**,  no  doubt  often  ri'inxses.  Tho  petals 
of  the  common  Epilohmm  an^ustifolium^  for  instance,  arc 
of  the  samo  pinky-iv>d  as  the  moth ;  its  stems  and  »eed- 
pods  are  green,  tinted  with  brown-{nirple  or  yellowish, 
while  the  white  filaments  of  its  stamens  correspond  to  the 
white  lines  and  streaks  of  the  insect.  It  is  evident,  there- 
fore, that  while  reposing  amid  a  chimp  of  these  plants,  the 
Elephant  Hawk*moth,  although  so  brilliantly  coloured, 
must  be  exceedingly  difficult  to  detect,  since  every  part  of 
its  body  is  of  exactly  the  same  hue  as  some  portion  of  the 
flowers. 

We  owe  the  disco veiy  of  one  of  the  most  beautiful 
examples  of  "  disguise  "  in  a  native  insect  to  the  talented 
young  artist  and  close  observer  of  nature  who  furnished 
the  illustrations  for  this  chapt/en  He  tells  us  that  one  fine 
afterno<jn  in  May,  being  overtaken  by  a  shower,  he  sought 
shelter  under  a  hedge,  where,  among  other  flowers,  the 
wild  parsley  {Mithnsam  sylvidru)  grew  in  the  greatest 
profusion*  While  observing  the  light  and  elegant  forms 
of  the^e  plants,  he  noticed  what  appeared  to  be  a  small 
bunch  of  flowers  itrojccting  beyond  the  rest ;  and  a  closer 
examination  led  him  to  the  interesting  discovery  that 
our  beautiful  little  **  Orange-tip,''  one  of  the  gayest  and 
brightest  of  our  native  hnfcterflica,  was  reposing  among 
these  flowei'S  in  such  a  manner  as  to  gain  a  complete  pro- 
tection by  its  resemblance  to  them.  He  wtvs  now  able  to 
see  the  use  of  almost  every  detail,  both  of  the  form  and 
colouring  of  this  insect.  The  bright  orange  |mtch,  bo 
beautiful  when  the  insect  is  on  the  wing,  was  hidden 
beneath  the  hind  wings;  and  there  is  thus  a  very  good 
reason  for  the  circumstance  that  the  colour  doc^s  not 
extend  so  far  on  the  under  iis  on  the  upper  surface  of  the 
wing,  and  also  for  the  tip  of  the  upper  wings  being  mottled 
^^,  with  p*een  beneath,  like  the  whole  surface  of  the  hind 
B^<  wings ;  for  as  they  are  a  little  longer  than  the  hind  wings, 
W     the  whole  form  one  uniformly  coloured  surface  when  the- 
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wing»  are  cldfeed  (Fig,  46),  Vaiious  other  species  of 
Anthocharis,  iis  woll  as  the  prtjtfcy  Zegris  of  Eastern 
Europe  and  uiir  rare  Fkris  dapltdue,  are  co!ourc<l  in  a 
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siniikr  manner  on  the  umier  Hide,  though  with  varying' 
degrees  of  brillianoy;  and  it  is  probahlL*  that  they  are  1 
accustomed  to  repose  on  the  tlowers  of  umbelliferous  or  1 
eruoiferous  plants  of  suitable  colours.     One  of  the  hand- 
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Bf>mest  species  of  Indian  Pieridae,  the  Iphm^  r^lmmppt^ 
\\hiM\t  up[>er  mngH  are  onrnmental  above  with  a  large 
patch  of  vivid  orange- red,  is  jso  tinted  and  luottled  on  the 
under  side  as  to  reseuiblo  a  drj'  leaf;  and  a  strong  dark 
line  running  through  the  centre  of  the  wings  roprt'Ht.«nts 
the  midrib.  This  spt^cifs  often  re.sth  on  the  ground, 
on  the  baukfi  of  streauis  or  on  beds  of  grave  I,  and  de- 
presses the  iipp{T  wings  so  much  Ix^weon  the  h>wer  ones 
;is  to  form  an  outline  very  similar  to  that  of  a  leaf;  and 
this  is  no  doubt  a  great  protection  to  it;  for  h1  though  so 
large  and  showy  an  insect,  it  is  very  plentiful. 

By  far  the  most  singular  and  most  perfect  disguise  I 
have  ever  met  with  in  u  Lepidopterous  insect  is  that  of  a 
common  Indian  butterfly,  Kallima  tnaehis^  and  its  Malayan 
ally  Kallmui  pavalektiL  I  had  the  satisfaction  of  observ- 
ing the  habitB  of  the  fatter  in  Sumatra,  where  it  is  rather 
plentiful  at  the  end  of  the  dry  season.  It  is  a  large  and 
showy  insect  when  on  tho  wing,  the  upper  surface,  being 
glossed  with  blue  and  purj>U\  and  the  fore  wings  crossed 
obliquely  by  a  broad  band  of  rich  orange.  The  under 
surface  of  the  wings  ia  totally  different,  and  is  seen  at  a 
glance  to  resemble  a  dead  leaf  The  hind  wings  terminate 
ill  a  little  tiiil,  which  forms  the  stalk  of  the  leaf,  and  from 
this  to  the  ajv^x  is  a  slightly  curvetl  dark  brown  line 
repre*senting  the  midrib  The  transverse  strije  which 
cross  the  discoidal  cell  in  many  butterflies  arc  hero  con- 
tinued so  as  to  form  lateral  veins^  and  the  usual  sub- 
marginal  stria?  on  the  hind  wings,  slightly  imitHfied,  repre* 
pent  others  towards  the  base  of  the  wing*  But  it  is  only 
when  the  habits  of  the  insect  are  observed  that  the  dis- 
guise  becomes  manifested  in  all  its  jx'rfection  (Fig.  47), 
This  butterfty*  like  many  others,  has  the  habit  of  resting 
only  upon  a  nearly  vertical  twig  or  branch,  with  the  wings 
closed  together  so  as  completely  to  conceal  the  upper 
sur£lce.     In  this  jjosition,  the  little  tail  of  the  hind  wings 

ictly  touches  the  branch,  and  we  now  see  why  it  is 
[ways  curved  inwards  a  little  ;  for  if  it  were  tjuite  st might, 
it  would  hang  clear  of  the  branch,  and  thus  fail  to  repre- 
sent an  attached  leaf.     There  is  a  little  scallop  or  hollow 
on  the  margin  of  the  fore  wings  at  the  base,  which  i;erves 
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to  conceal  the  head  of  the  butterfly,  which  is  very  sniall 
for  its  size,  and  the  long  antennae  are  carried  ba^k  and 


hifiden  Iwtwcen  the  foltled  witigs.  When  sitting  on  a  twig 
in  the  man  nor  described,  the  inst'ct  is  t^j  all  appearance  a 
perfect  dry  lt?af,— ^yet  it  is  evident  that  its  chances j^of 
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eiscape  would  be  ranch  increased  if  it  were  surrounded  by 
real  dry  leavers  ins^tead   of  by  green  ones ;  for  if,  when 

pursued,  it  took  shelter  in  a  growing  bush,  it  could  hardly 
tail  to  be  still  a  conspicuous  object.  Marvellous  to  relate, 
it  does  posses.*^  the  habit  of  almost  invariablj^  enteriug  a 
bush  loaded  with  dead  leaves,  and  is  so  instantly  lost  to 
Higbt,  owing  to  its  c]ose  resemblance  to  all  the  surrounding 
object*!,  that  I  doubt  if  the  most  vigilant  fly-cateher  could 
detect  it  I  have  myself  often  been  utterly  puzzled.  I 
have  watched  it  settle,  apparently  in  a  very  conspicuous 
i^ituation,  a  few  yards  off,  but  on  crawling  carefully  up  to 
the  spot  have  been  quite  unable  to  detect  any  living  thing. 
Sometimes,  while  gazing  intently,  a  butterfly  would  start 
out  from  just  before  my  eyes,  and  again  enter  another 
dead  bush  a  few  yards  off,  again  to  be  lost  in  the  same 
manner.  Once  or  twice  only  was  I  able  to  detect  it 
sitting,  and  admire  the  wonderful  disguise  which  a  most 
stmnge  combination  of  colour,  form,  and  habits  enabled  it 
instantaneously  to  assume.  But  there  is  yet  another 
peculiarity  which  adds  to  the  concealment  of  this  species. 
Scai'cely  two  of  the  specimens  are  aliku  in  col^jur  on  the 
tinder  side,  but  vary  through  all  the  shades  of  jiale  buff, 
yellow,  brown,  and  deep  rusty  orange  which  drii'd  leaves 
a^ume.  Others  are  speckled  over  with  little  black  dots 
like  mildewed  leaves,  or  have  clusten*  of  spots  or  inegular 
blotches,  like  the  minute  fungi  that  attack  dead  leaves ; 
JBO  that  a  dozen  of  these  insects  might  settle  on  a  perfectly 
iare  spray,  and  clothe  it  at  once  with  withered  foliage  not 
distinguishable  from  that  of  the  surrounding  branches  I 

The  protection  derived  from  a  vegetable  disguise  is  not 
confined  to  the  perfect  Lepidoptem,  but  is  often  equally 
remarkable  in  their  larvre*.  The  caterpillar  of  a  European 
moth  that  feeds  on  the  privet  (ffadcfia  lv/%tMri)  is  so 
ejtaetly  the  colour  of  the  under  side  of  the  leaf,  on  which 
it  sits  in  the  day-time,  that  you  may  have  the  leaf  in  your 
hand  and  yet  not  discover  it.  In  the  caterpillam  of  the 
Geometridse,  form,  colour,  and  h/ihit  combine  to  disguise 
many  of  the  species.  Thosi*  of  the  Brimstone  and  Swallow- 
tail moths  may  be  t4iken  as  examples.    They  have  U\<i 
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habit  of  stretching  themselves  out  obHqnely  wheo  in 
rcpo8o,  attiiehinl  only  hy  the  c]as|jing  h*gs  at  the  ftirther 
extrcmitvv  t\m\  will  remain  stiff  anH  iiiotionleKS  in  thin 
position  for  hourB.  The  little  protubrTanoi3S  on  the  body, 
their  colour  and  attitude,  give  them  so  exactly  the  appear- 
ance of  twigs  of  the  living  tree,  that  we  may  easily  eon* 
ceive  the  advantage  this  disguise  must  be  to  them ;  for  it 
is  certain  that  many  will  escape  destruction  when  more 
conspicuous  insects  w^ill  bo  devoured. 

Among  the  extensive  group  of  the  Coleoptera,  the 
examples  of  a  protective  disguise  arc  literally  innumerable. 
In  the  tropics,  every  fallen  tree  swarms  with  beetles,  and 
a  large  number  of  these  so  closely  resemble  the  bark  to 
which  they  cling,  that  ft  requires  a  close  examination  i<o 
detect  them.  The  families  of  the  Lcmgicomsand  Curculios 
furnish  the  greak^r  part  of  these  ;  and  among  the  former, 
that  which  wears  perhaps  the  most  perfect  disguise  is  the 
OnycJhocerus  Scorpio.  This  beetle  Is  common  in  South 
America,  and  ivas  found  abundantly  by  Mr.  Bates  on  the 
banks  of  the  Amazon,  but  always  clinging  to  the  rough 
bark  of  one  kind  of  tree,  called  by  the  natives  Tapiriba, 
This  bark  was  so  closely  imitated  by  the  beetle  itself*— its 
elytm  and  thorax  being  tubercled  and  coloured  so  as 
exactly  to  match  it,  and  the  insect  clinging  so  closely  as 
to  form  J  apparently,  one  surface  with  the  tree,  that  Mr. 
Bates  assures  me  it  was  often  absolutely  inif>ossible  to 
detect  it  by  the  closest  inspection  as  long  as  it  remained 
motionless ! 

Many  of  the  Tiger  beetles,  although  they  are  such  con- 
spicuous and  beautiful  objects  in  our  cabinets,  are  well  - 
disguised  when  in  their  natural  stations.  Our  commonest  ■ 
species,  Cwindela  campedris,  is  fond  of  grassy  banks,  where  ' 
its  green  colour  makes  it  difficult  to  see  it.  Cwindda 
fnuridma  is  almost  exactly  the  same  colour  as  the  sandy 
shores  it  haunts.  The  large  Cimidela  heros  frequents  the 
mountainous  forests  of  Celebes,  where  its  brow^n  coloitf] 
exactly  matches  with  the  dead  leaves  that  cover  the 
groimd.  The  magnificent  velvety-green  Cieindda  f^lormsa 
was  captured  only  on  wet  moss-covered  rocks  in  the  bed 
of  a  mountain  torrent  in  the  island  of  Celebes,  where  it 
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was  very  diflScylt  to  see  ifc.  The  pale-coloured  Cicindeia 
J}urviliciw£is  ibimd  on  coral  sand  of  almost  exactly  its  own 
colour ;  and  I  noticed  gcnemlly  that,  whatever  the  colour 
nt  tht?  sjind  or  the  soil,  the  common  Tiger  heetles  of  tho 
locality  were  of  the  same  hue.  A  most  remarkable  instance 
of  this  was  a  species  which  I  found  onl}^  on  the  glistening, 
slimy  mud  of  salt  marshes,  the  colour  and  shine  of  which 
it  matched  so  exactly  that  at  a  few  yards'  distance  I  could 
only  detect  it  by  the  shadow  it  cast  when  the  sun  shone  ! 

I  Several  Buprestidne  of  the  genus  Conebus  resemble  the 
dung  of  birds  freshly  dropped  on  leaves,  and  I  have  often 
been  puzzled  to  determine  whether  what  I  saw  was  worth 
picking  up  or  not*  Mr.  Bates  tells  us  that  Chlamj/s  pihda 
CATinot  be  distinguished  from  the  dung  of  caterpillars. 
Our  own  Onth/^hilm  sulmtm  is  very  like  the  seed  of  an 
I  umbelliferous  plant,  and  the  common  Pill  beetle  (Bi/rrhf/^s 
^pilula)  would  be  taken  for  anything  mther  than  an  insect. 
W  We  must  no^v  turn  to  the  Orthopterous  insects,  which 
contain  some  of  the  most  surprising  cases  of  disguise  yet 
discovered.  The  tnie  Walking  Li?af  has  been  already 
<1  escribed  at  the  conHuencenient  of  this  chapter,  but  there 
are,  other  insects  of  a  quite  difterent  structure  which 
almost  equally  resemble  leaves,  as  shown  by  the  names 
given  to  them  by  the  old  writers ;  such  as  ZociiMa  cih^i- 
folut,  Z.  kmrifolifff  L,  myriifolia^  &c.  Acrydinm^aUinacmim, 
from  the  Malay  Archipelago,  has  an  immense  erect  leaf- 
like thorax ;  A,  plaif/ptenim  has  wings  like  the  most 
beautiful  smooth  green  leaves;  whi]e  A.  ffihbosum  is  like 
ttle  shai>eless  lump  of  mud  or  stick.  The  voracious 
tifltx^  are  often  concealed  in  a  similar  manner  Many 
have  the  thorax  broadly  dilated,  and,  with  the  wing-covers, 
coloured  like  a  dead  or  a  green  leaf;  and  one  has  large 
broAvn  legs  and  stnal!  wings,  so  that  it  looks  more  like  a 
M  cluster  of  bits  of  stick  and  withered  leaves  than  a  living 
V  itusect. 

The  trao  Phasmidte,  or  Stiek-inseets,  are  the  most 
curious,  perhaps,  of  all,  and  they  are  much  more  abundant 
in  the  eastern  forests  than  the  Leaf- insects*  They  vaty 
from  a  few  inches  to  a  foot  long,  and  are  almost  always  of 
the  colour  and  ghape  of  pieces  of  stickj  the  legs  formviv^ 

O  % 


I 


ro6 


i^TUDIES,  SCIENTIFIC  AND  SOCIAL 


CHAP. 


Wta  48.— rricK  mflncr, 


the  bnanchee. 

One  of  tht^ 
most  curioui^ 
facts  connect- 
efi  with  them 
is  that  they 
seem  to  know 
that  if  they 
rested  in  the 
symmetrical 
attitudes  in 
which  they 
are  always 
firawn,  with 
their  legs 
spread  out 
nnifornily  on 
each  side, they 
won  Id  iioon 
be  detected. 
Tliey  are  ac- 
cordingly 
found  sti^etch- 
ed  out  motion- 
less in  the 
most  unsym- 
metrical  man- 
ner possible — 
one  leg  out 
on  one  side, 
and  two  on 
the  otherj  for 
example,  the 
remain  ing 
legs  fitting  ao 
closely  to  the 
body  that 
they  appear 
to  form  one 
piece  with  itv 
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They  lay  generally  acroas  leaves  and  twigs,  as  if  ttey  had 
accidentally  fallen  there  fmni  some  dry  branch  overhead  ; 
and  Hit  iiufMJSijible  is  it  to  dott'ct  them  by  the  eye  that  I  used 
to  make  it  a  practice,  when  walking  along  in  the  tbrests, 
to  touch  every  suspicious  bit  of  dead  stick  I  saw  loose  on 
the  foliage*  aa  the  only  means  of  finding  out  whether  they 
were  real  sticks  or  Stick-insects.  Sometimes  they  are 
exactly  the  culour  of  lichen  ^covered  branches,  and  are 
covered  with  little  foliaceotus  expansions.  One  that  in* 
habits  the  swampy  forests  ot'  Borneo  has  these  of  a  beauti- 
ful olive-green  colon r^  S(j  as  exactly  to  Resemble  a  creeping 
moss  or  jungermannia;  and  the  Dyak  who  brought  it  me 
assured  me  it  was  very  curious^  for  he  had  never  before 
seen  an  insect  grown  all  over  with  moss  while  alive  1  I 
was  quite  as  much  astonished  as  he  was,  for  I  could  hardly 
^lieve  my  eyes,  and  it  was  oidy  after  close  and  repeated 
examination  that  I  could  convince  myself  it  was  not  a  real 
plant  that  covered  the  animal  This  insect  loses  all  its 
beauty  when  dried,  and  it  hfis  been  very  p^x^rly  Hg urcnl  by 
the  Dutch  natumiists,  and  very  inapijropriately  named 
C^Qjcylt^  iacerahts,  from  its  torn  and  shaggy  appeanince 
in  the  preserved  specimens. 

In  the  deserts  of  Egypt  are  some  curious  Mantida?  which 
are  so  exactly  the  colour  of  the  soil  they  live  upon  that 
the  ch>sest  inspection  can  scarcely  detect  them.  It  is 
even  stated  that  where  the  soil  changes  from  brown  to 
white  or  yellow  in  a  few  yai^ds  distance,  the  insects  change 
also,  and  always  correspond  in  colour  to  their  habitation. 
The  caterpillar  of  a  Eurojiean  moth,  Bryo'phila  ahjm,  is 
mid  to  change  in  a  similar  manner,  being  yellow  when 
found  on  the  yellow  Lichai  junipcrinns,  but  grey  when  on 
the  grey  Llchai  mxa tilts.  In  this  case,  however,  tln^  food 
may  prubibly  produce  the  change  of  colour,  as  it  is  known 
\n  do  in  simie  other  larva\  Some  cjiscs  uiorc  tt>  the  point 
have  been  observed  by  the  late  Mr.  T.  W.  Wood.  He 
states  that  the  chrysalis  of  the  common  Tortoise-shell 
butterfly  is  of  a  very  dirterent  colour  aceonling  to  its 
position.  When  attached  to  a  nettle,  it  is  of  a  gulden 
i-olonr;  when  on  a  wall  or  fence,  nmttled  grey;  and  when 
m  a  tarretl  piling,  nearly  black.  _  _Once  he  pVa^^^d  sgx&.'sa 
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ImvjB  of  the  Swallow-tailod  butterfly  in  chip  boxes,  whertj 

they  changed  into  ehrysalidb ;  but,  btmuge  to  say,  instead 
af  being  green  or  du8k\%  tts  they  usually  are,  they  were  of 
exactly  the  fc?iuiie  cnlaur  a^  the  inside  of  the  bt>x,  without 
riny  marking  whatever.  Some  of  them  produced  very  Hue 
butterflies,  which  shows  that  they  were  healthy.^ 

These  curious  facts  provt^  that  we  have  yet  much  to 
hfiirn  iis  to  the  C4tuses  which  deteriuine  the  cohjurs  of 
animals,  and  it  is  to  be  wished  that  a  few  of  our  youjig 
naturaUsts  would  experiment  on  some  of  our  eonnaonesL 
insects,  rearing  them  fmni  the  egg  exposed  to  the  inrtuenee 
of  diflfei*cntly  coloured  objects  and  carefully  registering 
the  result.  In  this  chapter  I  have  only  desired  to  call 
attention  to  some  curious  facts  in  the  coh>uring  of  iusects. 
and  more  especially  to  the  disguises  which  servx'  to  protect 
them  from  their  enemies,  or  enable  them  more  easily  to 
entruf)  their  prey.  Such  q(  my  I'cadei's  as  may  wish  to 
know  more  of  this  subject,  and  aiay  desire  to  learn  haw 
thestr  strange  moditicationis  of  form  and  colour  have  pn>l>- 
ably  arisen,  are  referred  to  Chapter  IIL  of  my  NatartU 
Scieclion  and  Tropkal  Nature,  in  which  the  moat  ivjeent 
views  of  Mr.  Darwin's  disciples  are  fully  explained. 

^  Since  the  preHuiil  L^hjipLer  wjv>^  wrttteii  tliLa  buIjJl'cI  hits  bt*ei)  well 
irivesttg&ttMl  hy  Pl'uf.  K.  IV  Puulltin  nnd  ul  lic^r  tuitotiiiilt^giat^  tSev  bia 
book  oil  7'Ac  Colottrft  t»/  Atiiinith^  LMiatiH.  VIU,  jvinl  IX. 


CHAPTER  IX 


ENGLISU    AND    AMERICAN    FLOWEltS 


The  numcruus^  English  writers  who  havudeseribed  their 
impressiuDs  of  North  Arueiica  tell  um  all  about  the  pt-^ople, 
their  manners  ami  cubtomy,  their  hotels  and  churches, 
I  the  riKjde  of  travelling  and  the  scenery,  the  rivers  and 
vaterlhlls,  the  muiiiUains  and  forests,  the  prairies  and 
Ideserts ;  but  har-dly  ever  do  they  give  us  any  information 
fits  to  the  kind  of  vegetation  that  covers  the  surface  of 
the  soil»  or  the  Howers  that  adorn  the  roadsides,  the 
i^  forests,  or  the  mountains.  Hence  it  comes  to  pass  that 
^■the  majority  of  English  readei's,  even  those  who  delight 
^"  in  the  wild  flowers  of  their  own  country  or  the  more 
i  varied  beauties  of  the  Aljiine  flora,  have  usually  the 
vagues^t  and  n*ost  ern*neoUH  ideas  as  to  what  flowers  are 
i  to  be  found  in  the  United  States  and  Canada,  and  to 
^kwhat  extent  they  resemble  ur  differ  irom  those  of  our 
^KDWii  country. 

^P     There  are  many  circumstances  which  render  it  difficult, 

^^  even  for  the  native  who  is  not  a  botanist,  to  team  much 

I       ahi.»ut  Ameriuui    wild    iiowurs.      Confining  ourselves  at 

)nesent  tu   tlie  North- Eai^ tern   States,  we  may  say   that 

three  hundred  yeai*s  ago  the  whole  country   was  covered 

with    forest,  and,  with    few    except loui^f,  the  herbaceous 

1^  Huwering  plants  were  sucli  as  grew  in  the  shmle  of  trees 

^P  or  in  the  tew  oj>en  glatteSj  in  bogs,  or  on  the  banks  of 

^       strean*s.      Now,  these  forests  have  been    so  completely 

cleared  away  that  comparatively  little  remains  in  it^  primi- 

^Ltive  condition,  and  often  over  extensive  areas  hardly  a 
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patch  of  original  woodland  is  to  be  found.  In  other  dis- 
tricts there  is  plenty  of  land  covered  with  trees,  but  the^e 
are  usually  new  growths,  the  timber  having  been  felled 
again  and  again,  as  recjuired  for  firewood,  for  ft^mcirig,  or 
for  other  purposes.  This  wholesaSc  clearing  of  the  original 
forest- covering  of  the  soil  has  led,  no  doubt,  to  the 
destruction  of  many  lowly  jjlanta,  some  of  which  havu 
become  exterminated  altogether,  while  othei^s  have  been 
able  to  survive  only  in  the  few  spots  that  still  otfer  suit- 
able conditions  for  their  existence.  Such  places  are  com- 
paratively mre,  and  ofUsn  difficult  of  access :  and  hence 
the  country,  for  a  consirJemble  distance  round  the  larger 
cities  and  towns,  affords  but  few  of  the  really  native 
plants,  while  common  European  weeds  often  abound 
The  old  hedgerows,  the  shady  banks  and  moist  ditches^ 
the  deep-cut  lanes,  and  the  numerous  footpaths  of  our 
own  country,  which  afford  abundant  stations  where  wild 
tlowem  have  been  preserved  to  us  from  prehistoric  times, 
are  almost  wholly  wanting  in  America.  There  the  seeker 
after  wild  flowers  must  usually  be  prepared  to  walk  long 
diskmces  over  rough  and  ]mthless  fields  or  hills  in  order 
Uy  reach  the  places  where  alone  he  has  any  chance  of 
hurling  the  rarer  or  the  moi"e  beautiful  species.  Owing 
to  this  absence  of  pleasant  rural  pathwaj-^s  the  inhabiUiuts 
of  the  towns  rarely  walk  far  into  the  coimtry  for  exercise 
or  pleasure  unless  they  have  some  special  pursuit  uf  sport 
or  natural  history,  and  that  want  of  interest  in  the  natural 
productions  of  the  district  which  is  sufficiently  common 
in  England  is  still  more  prevalent  in  America. 

The  relations  of  the  entire  flora  of  teni])eratc  North 
America  to  that  of  Europe  and  Northern  Asia  have  been 
the  subject  of  much  discussion  among  botanists.  The  late 
Pryfessor  i\jsa  Gray  made  knt>wn,  and,  to  some  extent, 
popularised t  the  curiwus  anomalies  which  these  relations 
present,  especially  as  reganls  the  close  affinity  of  the  plants 
(more  especially  of  the  trees  and  shrubs)  ot"  the  Bistern 
United  States  with  those  of  Eiistern  Asia  and  Japm. 
8ome  aceonnt  ^f  Asa  (.Jmy's  researches  was  given  by  my* 
self,  in  1878,  in  an  luticle  on  '*  Epping  Forest"  (which 
is  reprinted  in  VoL  IL  of  this  work),  and  they  ai*e  only 
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now  refenned  to  because  they  have  been  nmd  to  uphold 

the  theory  that,  as  re^rds  the  distribution  of  plants » the 
north  temperate  zone  of  the  eastern  and  western  hemi- 
spberes  cfeDiiot  be  sejmrated,  but  must  be  considcTed  to 
i^jrrn  one  botanic44l  region.  Recently,  however,  Sir  Joseph 
Haiker  has  stated  his  o])mion  that  if  we  go  beyond  the 
two  fundamental  botanical  divisions— the  tropical  and 
tenipei'ate  floras,  which,  for  jjurposes  of  geogmphiciil  dis- 
tribution, are  of  little  interest,  we  must  consider  that  the 
temperate  floras  of  the  Old  and  New  Worlds  are  as  dis* 
tiuct  ag  are  the  tropical  floras  of  the  same  areas ;  and  he 
adds  that,  although  the  resemblances  as  i-cgards  certain 
genera  and  species  of  plants  between  Eiistem  America 
iind  Eastern  Asia,  is  very  remarkable,  yet  the  temperate 
floras  of  Asia  and  America  are  in  other  respects  totally  dis- 
mmiiarj  In  the  present  chapter  I  shall  endeavour  to  show» 
m  a  jKjpuIar  manner,  what  is  the  nature  and  extent  of 
the  dii^^similarifcy  between  America  and  Europe  as  regards 
what  are  commonly  known  as  wild  flowem^ 

The  Fhyxrs  of  Europt  and  the  EaMet^  Sifit€s  Compared, 

In  order  to  restrict  the  inquiry  within  moderate  limits, 

it  i^  projjosed  to  consider,  first  and  mainly,  the  relations 

between  the  wild  flowers  of  Great  Britain  ns  representing 

those  of  Westeni   Europe,  and  those  of  Eastern  North 

America  as  given  in  Asii  Gray's  Botany  of  the  Narihent 

(Tnikd    Siaie^,  which    include**   the    country  from  New 

Knglaud   to    Wisconsin,  and    southward    to    Ohio     and 

Peunsylvania.     This  area  may  be  fairly  compared   with 

that  of  England,  France,  and  i}ermany,  and  will  serve  iis 

a  foundat!<m  for  the  vvidur    comparison  between  North 

America  east  of  tht;  Missisfriippi   with  Europe,  or  of  the 

whole  iif  tempemte  North  AmcuHca  wit  h  tem|H>rate  Europe 

«md  Asii,  to  which  oeciksi^mal   ruler*.' no i*  wiJl   have  tu  be 

tQade.     It  must  be   undei>itood  that   as  uur  comparison 

regards  only  tho  native  plants  i>f  the  two  countries,  those 

numerous  British  or  EuropciUi  siH.*cics  \¥liieh  have  been 

introduced  into  Ameriea  by  human  agency  and  have  often 

*  ^ea  Midogia  Ccuij-uii-Amcrkmta,  Buimi^^  \oL  i.,  \>p,  Ixvi-^lKVU, 
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become  common  weeds,  will  be  left  out  of  consideratioa 

ultogGthcr.  We  have  to  tlu  only  wiih  the  coudition  of  the 
vegetiitioji  brought  about  by  nature,  undisturbed  by  the 
effects  which  have  recently  been  produced  by  man. 

There  are  two  scpanite  plienouiena  by  which  we  may 
estimate  the  relations  of  tlie  doras  of  two  countries,  both 
of  which  are  important  factors  in  the  compariaon^ — the 
absence  from  one  country  of  whole  groupie  of  plants  which 
are  both  coinuion  and  widespread  in  the  othor»  and  the 
presence  of  new  t^^ei^  entirely  unknown  in  the  other.  It 
is  usual  to  hiy  mueh  more  stress  on  the  hitter  phenomenon, 
because  the  former  occura  when  there  is  no  essential 
difference  between  the  floras,  the  one  having  been  recently 
derived  from  the  other.  Thus,  many  species,  and  even 
genera,  of  West  European  plants  are  absent  from  Britain, 
but  this  does  not  lead  us  to  consider  the  British  tlom 
as  being  ci^isentialiy  different  from  that  of  Euroije,  the 
defieiencies  being  plainly  attributable  to  the  smaller  area, 
the  limited  range  of  climate,  the  recent  glacial  tjpoch.aiid 
other  such  causes.  But,  when  the  country  in  which  the 
deheiency  occui^  is  iairly  comparable  with  the  other  in  all 
these  respects,  the  cause  of  the  phenomenon  in  evidently 
a  deep-seated  one,  and  must  be  held  to  show  a  funda- 
mental diversity  in  their  floras. 

There  are,  of  eourse,  in  every  extensive  Boni  such  as 
that  of  North  America  a  considerable  number  of  almost 
cosmopolitan  groups  or  species,  and  many  others  which 
are  fouml  in  all  temperate  regions.  Thus,  no  less  than  115 
Euiv.»pean  genera  and  58  European  species  are  lound  at  the 
antiptHles  in  New  Zealand,  and  mimy  others  in  Australia 
and  *South  tempemte  Americii.  Among  these  are  iiuch 
lamiliar  plants  as  buttercups,  anemones,  poppies,  violetji, 
8t,  John's  worts,  gentians,  forget-nje-nots^  nuuiy  genera  of 
ci\^ses  and  other  erueifcrs,  min t, skull-cap,  loose-strife,  sea- 
lavender,  and  many  others;  anrl  there  are  also  in  the  same 
remote  comitriesijueh  common  English  speetes  as  the  lady's- 
smtHjk  {Cardajniuc  'jiratctuU),  ehiekweed  {SUUttna  m^dut), 
the  cut- leaved  geranium  (Gcramum  di^cduvt),  the  silver- 
weed  { Potent liia  rt/i^tj/'ma),  the  connuon  bin<l-wued  {Ufdif' 
st^^ui  ^jjium)i  ttud  scores  of  othoi*s,  all  considered  to  be 
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indigenous  and  not  introduced  bj  man ;  yet  the  differences 

between   the   European   and    Australian    Bonis   are   very 

Lgroiit,  and   aru    hardly   surpassed    by   th<>se  of  any  two 

r regions  uu  tht^  globe.     It  is  evident,  therefore,  that  we 

Diust  expuet  to  find  a  considerable  nnmber  of  Elijglish 

sjjecies  in  North  America,  and  a  still  larger  nutuber  of 

English  gi^inQiu,  because  this  is  a  feature  which  occurs  in 

all  tempemte  regions,  and  cannot  be  held  to  prove  any 

^mitU  relationship  between  these  two  countries.     Among 

these  familiar  English  Howors  we  Hnd  a  tolerable  number 

of  violets^  anemones,  8t.  John's  worts,  vetches,  potentillius, 

mllow-herbsj    gentians,    and    some    othei's ;    while   wild 

gemniiims,  saxifi-ages,  stonecrops,  campanuhis,  forget-rne- 

nots,  and  trun  orchises  are  fiir  less  frei][uently  met  with 

,thau  with  us. 

But  what  most  strikes  the  English  botanist  (next  to 

le  altogether  unfatjiiliar  types  that  everywhere  abound) 

''1*1  the  total  absence  or   extreme   rarity  of  many  plants 

and  ^rou|>s  of  plants  which  are  the  most  abundant  and 

familiar   of    our   native   flowers^  and    which   arc   almost 

equally  coinTnon  throughout  Europe,  and  often  throughout 

northern  Asia.     There  arc,  for  instance,  no  true  jKippies 

like  those  so  abundant  in  our  corn-fields;  no  common  or 

musk-mallows  of  the  genus  Malva,  or  gorse  or  broom  or 

rest-harrow  ;  no  teasel  or  scabious ;  no  tnie  heaths ;  no 

bugloss  or  comfrcy  ;  no  ivy  to  adorn   the  old  trees  and 

walls  with  its  glossy  foliage ;  no  mulliiin,  toad- flax, ^  snap- 

I     dragon  ♦or  fox-glove ;  no  scented  thyme,  basil  or  marjoram ; 

^■Bo  bright  blue  grouud-ivy  or  bugle ;  no  white  or  yellow 

l^or  purple  dc^-nettles  ;  no  scarh^^t  pimpernel ;  not  even  a 

I      primrc»se  or  a  eowstip  in  all  thij  land.     There  are,  it  is 

^^j'ue,  two  siK.'cies  of  Primula  in  the  North- Eastern  States, 

^Pone  the  biril's-eye  primrosi.^  of  our  northern  eouuties,  and 

'      jmother  still  smaller  peculiar  species,  but  both  are  euuHned 

t<j  limited  districts  near  tlie  great  lakes,  and  are  not  to  be 

I'ound  unles^s  specially  searched  for ;  and  no  other  prim- 

L  roses  are  to  be  met  with  till  wo  reach  the  lioeky  Mountains, 

fwhert-*  theix!  are  two  or  throLi  high  alpine  species. 


"  ^  Toutl-flivx    {Ltrntna    tn/f/ftriit)  i&  coiianou   in  aome   |Mvrtfi  of  Now 
Enghiitidj  but  it  ia  tiu  intrmluuiHl  epoc'les  nm  wild* 
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Coming  now  to  the  endogenoufi  plants,  we  Bud  eqiiaUy 
remarkahlu  deficieneieB*  Nu  daffodil,  :^nowdro]>,  or  snow- 
Hake  m  to  be  found  wild  in  all  Nurth  AniL*ric^v,  iieithtT  is 
tht>rt^  any  crocus,  vvikl  hyacinth,  colchicum,  or  lily-of-tbo- 
valley.  The  beautiful  genus  Ophrys,  contt^ining  our  bee, 
fly,  and  s]iider  orchises,  is  quite  unknuwn  ;  and  such 
familiar  jikints  as  the  black-briony  of  our  hinlges^  the 
llowering-rush  of  our  streams  and  ditches,  and  the  curious 
butchers  broom  of  our  dry  warxls,  niv  nowhere  to  be  met 
with. 

Now  the  important  thing  to  be  noted  is.  that  tuost  of 
these  plants  are  not  only  abuiidtmt  and  familiar  in  many 
parts  of  England,  but  are  widely  sproatl  throughout 
Europe,  and  the  larger  jiart  of  them  belong  to  groups 
which  exk^nd  into  Northern  Asia,  and  often  reach  the 
eastern  extremity  of  that  continent.  If  we  were  to  in- 
clude less  imporUint  or  less  familiar  plants  this  list  raight 
hi*  doubled  or  trebled ;  and  it  might  be  still  further  ex- 
tended if  we  took  account  of  genera  which  nvnge  widely 
ovur  Europi.^  and  Asia,  but  happen  to  be  nire  or  altogether 
wanting  in  England,  Such,  for  example,  are  the  follow- 
ing  well-known  garden  flowers.  The  white  and  yellow 
as  (ih  ode  Is  of  South  Europe ;  the  red  valerian  (Cen- 
tnuithus),  naturalised  in  many  placea  on  our  chalk  cliffs 
and  old  walls ;  the  cinerariiis,  the  gum-cistuses,  the  cycla- 
mens, and  the  daphnes;  the  true  pinks  (Dianthus); 
the  numenius  dwarf  bnwins  (Genista) ;  the  com -flags 
(Gladiolus);  the  candytufts  (Iberis);  the  lavender  and 
the  rosemary ;  the  ox-eye  daisies ;  the  stocks ;  the  Star- 
of- Bethlehem  ;  the  ptnonies  ;  the  inignouettes ;  the  garden 
rue;  the  various  soap- worts ;  the  tulips,  the  periwinkles, 
and  a  hundred  others. 

It  must  always  be  remembered,  that  the  British  plants 
noticed  above  as  being  absent  from  the  indigenous  flora 
of  the  United  States  are  abundant  with  us  and  form 
characteristic  ft^xtures  of  our  flora;  that  the  larger  por- 
tion of  them  range  widely  over  Europeand  Western  Asia; 
that  more  than  half  of  them  extend  across  Northern  Asia 
to  the  Pacific  ant)  often  to  Chiiui  and  Jaj>an  ;  while  several 
extend  over   the  greater  portion  of    the  eastern   be  mi- 
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sphere,  and  are  found  also  in  Australia  or  South  Africa. 

The  absence  of  such  a  number  of  the  chaiucteristic  and 
dominant  groups  of  plants  of  the  tempc^nite  ^one  from 
BO  exttmsive  and  varied  an  area  as  tho  Eastern  United 
8taW-a  and  Canada,  is  of  itself  a  very  remarkable  |jheno- 

Knionon,  and  affoixJs  a  primd  facie  ^roimd  for  treatiing 
the  temperate  regions  of  the  New  World  as  a  distinct 
botanical  region. 

Another  feature  to  which  botanists  attach  much  im- 
pc»rtance  in  the  comjmrison  of  se|>arate  Horns  is  the  pro- 
portionate abundance  of  the  various  orrJers  and  tribes  in 
the  two  countries,  which,  when  very  diflTerent,  leads  t-o  the 
^^neral  vegetation  having  a  distinctive  aspect.  In  this 
Brespcct,  Europe  and  Eastern  America  differ  greatly. 
Among  the  most  abundant  and  characteristic  groups, 
ivhich  every  one  recognises  in  our  own  country  and  in 
Europe  as  conmion  plants  everywhere  to  be  met  with, 
are  those  of  the  Ct-ibbage  and  cre^s  tribe  (Cruciierae),  the 

f>iDk  £iniily  (Caryophyllaceie),  the  umbel -bearers  (Umbel- 
iferse)j  the  thistle-tribe  of  the  Composita;,  the  bluebells 
(Campanulaceie),  the  primroses  (Primidacea?)»  and  tho 
orchises  (Orchidaca^) ;  but  all  thcMe  are  much  less  fire- 
quant  in  North  America,  and  are  usually  so  scarce  as  to 
take  little  or  no  p4irt  in  determining  the  special  aspect  of 
the  vegetation.  As  an  illustration  of  this  (liffercnce,  there 
are  only  twelve  indigenous  genera  of  Crucifcnn  in  the 
North- Eastern  United  States  with  about  thirty-five  in- 
digenous species,  while  the  com|>aratively  poor  British 
flora  possesses  twenty- four  genera,  and  fifty-four  species. 

Instead  of  these  characteristic  European  types  we  have 
in  America  some  peculiar  Rubiacece,  among  which  m  the 
pretty  creeping  Mitchella  or  partridge  bc^rry ;  and  an  enor- 
mous preponderance  of  Com|)osit4t!,  including  numbers  of 
non-European  genera  and  a  great  variety  of  eupatoriums, 
Mters,  golden-ro*ls,  anil  sun-Howei^,  together  with  some 
nf  our  well-known  garden  flowers  such  as  Liatria,  Rud- 
beckia  and  Coreopsis,  The  mi  Ik- worts  (Polygala),  are 
mther  numerous,  and  the  milk-weeds  (Aaelepias)  still 
more  so,  and  these  last  are  quite  unlike  any  European 
plants*  The  beautiful  phloxes  are  a  very  characteriBtic 
}[K  almost  exclusively  coatined  to  North  America,  and 
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often  affording  brilliant  patches  of  floral  colours.  Among 
the  endogenous  plants  tho  niiineroiis  specie  of  Sniilax, 
well  called  "'  green -briar,"  arc  highly  characteristic  and 
pecoliar,  though  the  genus  is  fouufl  in  Southern  Europe, 
whilo  the  heJiutiful  wood-lilieR  of  the  genua  Trillium 
(found  again  in  Eastern  Asia)  have  curious  oroi-namental 
flo weirs.  Add  to  these  the  interesting  spider- woi*ts  forming 
the  genem  Cornmelyna  and  Tmdese^intia.  and  having  their 
allies  in  the  tmpics,  and  we  have  completed  the  ennniera- 
tion  of  the  more  conspicuous  groups  of  nor -European 
herbaceous  flowering  plants  which  give  a  distinctive  char- 
acter to  the  flora. 

There  are,  however,  many  other  plants,  which,  although 
belonging  to  small  orders  and  not  represented  by  more 
than  one  or  a  very  few  spt^cies,  are  yet  so  abundant  in 
individuals,  and  so  wiflely  spread  over  the  country,  as  to 
contribute  largely  to  the  general  impression  which  the 
North  American  flora  produces  on  an  English  botanist  on 
his  first  visit  to  tho  Cf>untry.  This  may  be  illustrated  by 
a  brief  account  of  some  of  the  present  writer's  rambles  in 
search  of  American  Howers. 


llain^Ues  after  Ammmn  Flmvers. 

My  first  \valk  was  on  the  13th  February,  in  the  woody 
country  to  the  north-west  of  Wcishingfcon  undin'  the  guid- 
ance of  Tuy  friend,  Professor  Lester  Wanl  ?Iere  we  fount! 
on  dry  banks  the  beautiful  little  May-flower  {Epigira 
repe7i8),  and  the  pretty  spotted  wintergreen  (Ckimaphila 
maciiiafa),  both  members  of  the  heath  family,  and  both 
of  genera  almost  peculiar  to  America,  allied  species  of 
each  being  found  in  Japan  ;  while  some  of  the  forest  slopes 
were  covered  with  the  beautifol  Kalmia  laHfoim,  another 
peculiarly  American  genus  of  Ericacen?,  The  curious 
parasitic  *'  beech-drops,^*  one  of  the  Orobanehe  tribe,  is  also 
peculiar,  while  the  '*  partridge -berry  "  {MUchdla  repeTts) 
has  its  only  ally  in  Japan.  Other  plants  observed  were 
the  Aralia  s^nnosa  or  Hercules'  Club,  a  small  tree  of  a 
non-European  genus ;  a  sp(}cies  of  Smilax  like  a  slender 
/eafless  rose-bush ;  a  hairy-leaved  blackberry  (Jtubm 
miimm);  a  wild  vine  ;  a  \v\v\l^\\e^^\AQ.T3tm%<^'^&^  vi^uttcal 
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ith  the  European  species ;  the  curious  skunk-cabbage 
(Symplomrpitsffrii^^is),he\onging  to  the  Arum  family  and 
also  in  flower ;  the  '*  blazing-stjxr  "  ( CharnmHrium  hUemn^, 
I  me  of  the  colchicum  tribe  and  peculiar  to  North  Americn, 
the  mttle-snake  plant4iin  (Gomiy&f*a  puhescms),  really  an 
orchiB,  of  which  there  is  one  European  species  found  also 
in  Scotland,  and  a  handsome  sedge  {Car^c  phJi/j^ki/liay 
Thus,  out  of  fourtocn  plants  distinguished  at  this  wintrj" 
Beason,  only  three  belonged  to  British,  and  four  or  five  k> 
European  genenij  while  the  large  majority  were  either 
quite  peculiar  to  America  or  only  found  elsewhere  in 
Japan,  Esisteni  Asia,  or  the  Pacific  Islands.  During  another 
excuriiiion  to  the  rich  locality  of  High  Island,  five  miles 
from  Washington,  on  March  27th,  several  other  inter- 
esting and  characteristic  plants  wem  found.  Such  were 
the  "  £*pring  beauty  *'  {Claiftonia  virginica),  a  pretty  little 
rosy  white  flower  belonging  to  the  Portulacea?  which  often 
carpets  the  woods  and  takes  the  place  of  our  wood- 
anemone,  for  though  there  are  several  wood-anemones  in 
America  they  do  not  form  so  iimjortant  a  feature  of  the 
spring  vegetation  as  with  us.  The  rare  and  pretty  **  har- 
binger of  spring  "  (Erigtnia  bulbmn),  a  minute  umbelliferous 
plant  quite  peculiar  to  America,  grew  here  abundantly,  as 
did  the  pinnate  Je^aved  Virginian  water-leaf  (//i/^rop%i/t4Wi 
virginianum\  The  may-apple  {PodcfphijUum  peltatum), 
and  the  twin- leaf  {Jeffermnia  dipkylla),  herbaceous  plants 
of  the  Berberis  family^  were  abimdant,  the  fonmer  occur- 
ring elsewhere  only  in  the  Himalayas,  while  the  latter  is 
North  American  and  East  Asiatic,  A  yellow  violet,  a 
perennial  chick  weed,  a  tooth -wort  (Dentaria),  a  stone- 
crop,  and  an   inconspicuous  saxifrage,  alone  showed  any 

esemblance  to  our  native  vegetation. 

About  the  middle  of  April,  in  the  vicinity  of  Cincinnati ^ 
^  was  introduced  to  the  spring  flowers  of  the  North-East- 
ern States,  in  their  full  development  The  woods  were 
here  carpeted  in  places  with  the  "  spring  beauty/'  while 
in  other  parts  there  were  sheets  of  the  curious  ''  Dutch- 
man's breeches"  (Bieentra  ciw^dlaria),  like  a  small  yellow 
dielytra,  to  w^hich  it  is  allied.  Then  there  were  smaller 
putches  of  the  ThaUcimm*  anemonoidsSj  resembling  a  ¥ex\ 
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slender  wood -anemone ;  the  exquisite  little  "  Blue -eyed 
Mary/' sometimes  called  '*  Innocence  "  {GoUinsia.  t¥r?wi); 
th<^  handsome  celandiife-poppy  {Sti/iophonmi  diphyUuvi\ 
like  our  '*  greater  celandine "  but  with  larger  and  more 
richly  coloured  flowers ;  the  elegant  lilac*colonre<1  Phlox 
divarimia ;  and  the  "  blood-root "  {Sanguinaria  caiuuicnm), 
with  its  beau ti fid  white  star-shaped  flowers. 

Here,  too,  the  buds  of  the  handsome  purple  wootJ*lily 
{TriUimn  crechifn)  were  just  showing  thenTse Ives,  and  there 
were  targe  patches  of  the  yellow  and  white  American 
dog  s-tooth  violet  (Eri/thronium  Amerimwimi),  just  coming 
into  bloom.  In  a  damp  river- bottom,  the  exquisite  blue 
MrHmisia  virginua  was  found.  It  is  called  here  the 
"  Virginian  cowslip,"  its  drooping  porcelam-blue  belb 
being  somewhat  of  the  size  and  form  of  those  of  the  true 
cowslip,  but  the  plant  is  really  allieiJ  to  our  lungworts. 
More  homely-looking  plants  were  a  creeping  yellow  butter- 
cup, with  blue,  white,  and  yellow-flowered  violets,  but 
they  were  utterly  insignificant  as  compared  with  the  many 
ntiw  and  strange  forms  that  constituted  the  bulk  of  the 
vegt^tation. 

At  the  end  of  July  I  had  the  opfmHunity  of  seeing 
the  swampy  forests  of  Michigan,  with  their  abundance  of 
ferns,  their  pitcher  plants  (iSarnicenia),  yellow-f ringed 
orchises  (Mahcnxtrin  ciliarvi),  and  the  curious  little  gold- 
thread {Oopids  tri folia),  found  also  in  Arctic  Europe,  and 
so  named  from  its  yellow  thread-like  roots,— ^all  three 
growing  in  the  dense  carpet  of  sphagnum  moss  which 
covers  the  groimd  to  the  depth  of  one  or  two  feet.  In  the 
cleared  marshy  groundi  and  along  the  margins  of  the 
streams  and  ditches,  was  a  dense  vegetation  of  asters, 
golden-rods,  and  other  comjjosites.  many  of  which  were 
of  genera  unknown  in  Britam  or  in  Europe,  while  still 
lingering  on  the  bumt-up  road  sides  were  the  handsome 
flowering  spurge  (Enphm^bia  c(yroUata\  with  its  curious 
white  flowers,  and  the  elegant  foliage  of  the  bird*s-foc;t 
violet. 
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^P  A  f^w  remarks  on  the  general  aspects  of  the  country 

"as  iH:?garti8  native  vegetation  t^ml  fluwen^   iimst  conclude 

thia   very  imperfect   ski^tch.     What  niot>t  impresses  the 

nature-luving  Englishiuau  while  tnx veiling  in  America  is, 

the  newnei5H  and  rawrie.ss  of  the  country,  and  the  alniast 

universal   absence  of   that   hannonions  interble riding  of 

wild  nature  with  hunian  cultivatiun,  which  is  so  channing 

over  a  large  part  of  England.     In  these  North -E^l^ tern 

States,  the  native  forests  have  been  Sfj  ruthlci^^^Iy  destroyed 

^Jthat  fine  trees  are  comparatively    rare,  and  isuch  noble 

^hlms,  beeches,  oaks^  and  sycamores  as  are  to  be  found 

parching  over  the  lanes  and  shafling  the  farmhouses  and 

cottages  in  a  thousiind  English  villager,  are  only  to  be 

seen  near  a  few  of  the  towns  in  the  older  settled  States, 

or  as  isolated  specimens  which  are  regarded  im  something 

reniarkahle.     Instead  of  the  old  hedge rown  with  Uill  elms, 

^^preaiiing  oaks,  and  an  occasional  beech,  hornbeam ^  birch i 

^nr  holly,  we  see  everj  where  the  ugly  snake-lence  of  split 

^^ils,  or  the  still  more  unsightly  boundary  of  barbed  wire. 

Owing  to  the  country  being  mostly  cut  up  into  one-mile 

square  sections^  subdivitlcd  into  (juarters,  along  the  outer 

boundaries  of  which  is  the  only  right-of-way  for  access  to 

the  different  farms,  the  chief  country  n.mds  or  tmcks  isig- 

zag  along  these  section -lines  w^ithoufc  any  regaixl  to  the 

cmimirs  of  the  land.     It  is  probably  owing  to  the  cost  of 

labour  and   the  necessity   ol  bringing  large  areas   under 

I     cultivation   i^is  quickly  as   possible,   that  our    system    of 

^bfencing  by  live  hedges,  growing  on  a  bank,  with  a  diteh 

■on  one  side  for  drainage,  soenis  to  be  absolutely  unknown 

in  America ;  and  hence  the  constant  references  ot^  English 

writers  on  rural  scenery  and  customs  to  *'  the  ditch/'  or 

''  the  hedge/*  art;  unintelligible  to  most  Americans. 

The  extreme  rapidity  with  which  the  land  has  been 
cleared  of  its  original  forest  seems  to  havu  favoured  tli« 
spread  of  imported  weeds,  many  of  which  arc  sjiecially 
udapted  to  seize  upon  and  nmnopoHse  newly  exposed  or 
loosensd  soil ;  and  this  has  prevented  the  native  ylants, 
VOL.  h  1 
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which  might  have  adapted  themselves  to  the  new  condi- 
tians  hiitl  the  change  guiie  on  very  slowly »  from  gaining  a 
footing.  Hence  it  is  tfhat  the  cultivated  tiv^^lds  and  the 
artificial  gniss  hinds  are  lesa  flowery  than  our  hedge- 
boixlered  fields  and  old  pastnifs,  while  the  i^lway  banks 
never  exhibit  such  displays  of  floral  beauty  as  they  often 
do  with  us.  An  American  writer  in  Tfts  Century  fur 
Jane,  1887,  summarises  the  general  result  of  the^e  varied 
eauses,  with  a  severe  truthfulness  that  would  hardly  be 
courteous  in  a  Htmngt^r,  in  the  ibllowing  words: — - 

"'  A  whole  huge  eontinent  hwa  been  so  touched  by  human 
hands,  that  over  a  large  part  of  its  surface  it  has  been 
reducL'd  to  a  sUite  of  unkempt,  sordid  ugliness;  and  it  can 
be  brought  back  into  a  state  of  beauty  only  by  further 
touches  of  the  same  hands  mort;  intelligently  ap[>liod/' 

Let  us  hol^L»  that  Lutelligenee  tjf  this  kind  will  sik>d  be 
cultivated  as  an  usseutial  [uirL  of  education  in  all  American 
schools.  This  alone  will ,  miwever,  have  no  eflcct  so  long 
iis  the  fierce  comi)etition  of  great  capital istis,  tarniers  and 
manufacturers,  reduces  the  actual  cultivator  of  the  soil, 
whether  owner,  tenant,  or  labourL-r,  tou  condition  of  sonlid 
jKiverty,  anrl  a  life  of  grinding  labour  which  Imves  neither 
leisure  nor  desire  for  the  creation  or  preservation  of  natuml 
beauty  in  his  surroundings,^ 

Fhrml  Bmnty  in  Erii/laml  and  America, 

Although  with  the  limited  opportunities  afforded  by  one 
spring  and  suiuiuer  sj)ent  in  America,  it  is  impossible  to 
speak  with  certainty,  yet  both  from  my  own  obscnation, 
mid  from  inlormation  received  from  residents  in  various 
]iarts  of  the  Eastern  Slates,  it  seems  to  me^  that  in  no 
part  of  America,  east  of  the  Mississippi,  is  there  such  a 
succej^ion  of  floml  beauty  and  dis[)lay  of  exquisite  colour  as 
are  to  be  ibund  in  many  parts  of  England.  Such,  for 
instance,  are  the  woods  and  helds  ofilaflbdils,  *'  which  come 

'  AiiiericikH  ijeriod!t:i*la  t\rv  (nil  of  acuouiitB  atid  iUimtrntiuJis  of  the 
iHiverly  innl  lninl  iivv^  of  ihti  fiiimll  fi^ruHMs*.  Kee,  in  Tht  Arena  of 
Jttly,  the  ivrtJclL:  by  HantUii  UaiUiMl,  A  Praiti^  Ileroim^  iviid  this  same 
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e  the  swallow  dares ,  and  ttike  the  winds  of  March 

with  beauty  "  ;  the  wild  hyacinths,  whose  nodding  bells,  of 
t.*xfjiiisite  form  and  colour  individually,  carpot  our  woods  in 
A|*ril  with  shetjts  of  the  puretjt  azure  ;  the  soft  yellow  of 
primroses  in  coj>piccjs  or  along  sunny  hedge  banks ;  the  rich 
golden  yellow  of  tho  gorse-bushes  which,  when  seen  in 
|ierfoction  as  in  the  Isle  of  Wight,  Cornwall,  or  Ireland,  is 
i$<>  sii[K:Tlafcively  glorious,  that  wo  cannot  wonder  at  the 
enthusiasm  of  the  great  Linnaius,  who,  on  beholding  it, 
knelt  down  and  tlumked  (jod  lor  so  nuich  lK*anty;  later 
<m,  the  clearer  yellow  of  the  blouni  is  hanlly  leas  brilliant 
i>n  our  h oaths  and  railway  banks,  while  the  rod  ragged- 
robin,  and  the  purple  or  rosy  orchises  often  adorn  our 
iniirshes  and  niuadows  with  nuisses  of  culonr;  then  come 
the  tiekis  and  dry  slo|»es,  gay  with  scarlet  poppies,  and  the 
noble  spikes  of  foxgloves  in  the  copses  and  on  ruugh 
Ininks,  folkAVtM^i  by,  perhaps,  the  most  exquisitely  beautiful 
sight  of  all.  the  brilliant  sheets  and  jjatches  of  pui'ple 
hoiUh,  sometimes  alternating  with  the  tender  green  of  the 
young  bracken,  i\s  on  .some  of  the  Hiounlain  slopes  in  Wales, 
sumetinics  intermingled  with  the  rich  golden  clumps 
of  the  dwarf  goi-se,  iis  on  the  wild  heaths  of  Surrey  or 
Dorset. 

Truly,  the  Englishman  has  no  need  to  go  abroad  to 
n'\el  in  the  beauty  of  colour  as  produced  by  tiowem. 
AltliiKigli  thtMiombcr  of  s|:»ecies  of  plants  whieh  inhabit 
our  islands  is  far  less  than  iti  most  continental  areas  of 
equal  extent,  although  the  gli-Hjji]  and  grey  of  our  skies  is 
proverbial  and  we  miss  the  bright  sunshine  of  American 
or  Eastern  sumoK-rs,  yt^t  these  deticiencies  do  not  appear 
to  lessen  the  luxuriant  display  of  bright  colours  in  our 
native  ]>lants.  The  mountains  of  Smtzerland.  the  arid 
phiins  of  the  Cape  and  of  Austiiilia,  the  forests  and  swamps 
of  North  America,  juovide  us  with  thousiinds  of  beautiful 
duwers  ibr  the  adornment  ol'our  gardens  and  greenhouses, 
yet,  from  the  desedptions  of  thest^  countries  by  travellei"8  or 
by  residents,  it  doe:^  not  seem  that  any  one  of  them  pro- 
duces a  succession  of  Hoitd  pictuivs  to  surpass,  or  even  to 
e(|ual,  those  wHiich  the  changing  seasons  display  before  us 
at  our  \ery  doors,     Tlie  absence  of  heme,  low^-i^vitvUiuxvi^ 
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sunshine,  which  reiulurs  ifc  difficult  for  us  to  grow  many 
fruits  and  floweiis  which  tiourish  even  in  the  short  Cana- 
dian summer,  lengthens  out  our  seasons  favourable  to 
vegetation,  so  that  from  the  violets  and  dafifodil^  of  March, 
to  the  heaths  and  campanulas,  the  knapweeds,  and  the 
scabious  of  Soptembcr  or  October,  we  are  never  without 
some  added  chann  to  our  conn  try  walks  if  we  choose  to 
search  out  the  appropriate  ^pots  where  the  flu  Wei's  of  each 
month  add  their  bright  colours  to  the  landscape. 

To  the  botanist,  the  poverty  of  our  English  ttora  con- 
trasts nnlavonrably  with  the  nuniber  of  species  and  the 
strange  or  beautiful  Ibnns  to  be  found  in  many  other 
tcmponite  regions,  and  to  him  it  is  a  great  delight  to  make 
the  acquaintance,  for  the  fii*st  time,  in  their  native  w^ilds, 
of  the  many  curious  plants  which  he  has  only  known  before 
in  gardens  or  in  herbaria.  But  the  simple  lover  of  flowers, 
both  for  their  individual  beauty  and  for  the  charm  of 
colour  they  add  to  the  landscape,  may  rest  assured  that, 
perhaps  with  the  single  exception  of  Switzerland,  few 
temperate  countries  can  equal,  while  none  can  very  iDUch 
surp^iss  his  owti. 
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Temperate  North  Am  erica,  as  regard  b  its  tjT>e8  of 
jyjgetation^    cod  si  9  ts  of    four   we  11 -marked    pubdiviaiona 

le  most  iiRportant  find  the  richest  in  species  is  the  great 
fbreet  region  of  the  Eastern  States,  whose  main  pcciiliari- 
iies  were  indicated  in  the  preceding  chapter.  West  of 
thisi  area,  and  extending  from  a  short  distance  beyond  the 
Mississippi  to  the  base  of  the  Rocky  Mount'iins  is  the 
region  of  the  great  plains,  almost  destitute^  of  trees,  except 
in  the  river  bottoms,  but  with  a  fairly  rich  herbacctms 
flora  ;  and  a  very  similar  vegetation  is  found  in  the  half- 
desert  valleys  and  plains  between  the  Rocky  Mountains  and 
the  Sierra  Nevada.  A  third  butanical  district  consists  of  the 
higher  wooded  portions  of  the  Rocky  Mountains,  together 
with  the  peaks  and  high  valleys  above  the  timber-line,  in 
which  the  vegetation  is,  in  many  respects,  very  distinct 
from  that  of  any  other  |)art  of  temperate  America.  Lastly 
comes  the  Californian  region,  extending  from  the  Pacific 
coast  to  the  upper  limit  of  trees  in  the  Sierra  Nevada,  a 
country  of  surpassing  interest  to  the  botanist,  and  well* 
known  to  every  lover  of  flowers  for  the  great  number  of 
beautiful  and  peculiar  forms  it  has  furnished  to  our 
gardens.  It  is  proposed  to  give  a  brief  sketch  of  the  more 
prominent  features  of  the  floraof  the  three  wosteni  regions, 
derived  partly  from  personal  observation  during  a  summer 
spent  in  the  country,  largely  supplemented  by  the  writings 
of  the  late  Professor  Asa  Gray  and  other  American  and 
English  botanists. 
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Thf!^  Piaififi  and  PrairiiJt. 

The  first  region  to  be  conRiHeretl,  that  of  the  j>riLirie^, 
the  great  plairm,  and  thf  deserts  of  the  inland  basin^  may 
be  very  brieHy  noticed,  since,  although  of  considerable 
interest  to  the  botanist,  if-  is  only  occasionally  that  plants, 
remarkable  for  beauty  of  flower  or  other  conspicuous 
characteristics,  are  niet  with.  The  eastern  portion  of  the 
dmtrict,whero  the  rich  pmi  rie  lands  of  Kansas  and  Nebraska 
are  being  rapidly  cultivated,  produces  many  fine  flowering 
plants  wherever  some  steep  or  rocky  slope  has  escajKrHl 
cultivation.  Here  we  find  abundance  of  yuccas  intermin- 
gled with  blue,  pink  and  white -flowered  s]u"der-wnrt^, 
handj^onie  large-flowered  pcnstemons,  baptisias  with  large 
pea-like  flowers  of  blue,  yellow  or  white,  many  species  of 
jxstragalus,  yellow  and  white  evening-primrose.H  ami  other 
allied  forms,  several  cactuses  of  the  genera  opuntia  and 
mainmillaria,  bine  larkspurs,  pink  oxaliscs,  the  purpli.*  I'hlo.v 
dharictda,  mallows  of  the  geneni  Malvastrurn  and  C-allirhoe, 
souje  of  which  are  wclbknown  garden  j)lantj^,  and  a  host  of 
sunflowers,  asters,  cone-flowers,  golden-rotls,  coreopsis,  and 
many  other  showy  composites.  This  is  the  region  of  the 
butinlo  or  bunch  grasses  which  formed  the  chief  subsistence 
of  the  A  merican  bison .  They  are  fine-tu  fted  bluish  graasos. 
much  resembling  in  appearance  our  fine-leaved  bent-grdss 
(A^roniti^^  Betacea)^  w^hich  is  common  on  the  heaths  aoont 
Bourneuiouth  and  in  Dorsetshire.  I  was  informed  that  since 
the  bisons  had  been  destroyed  the  btiffalo  grass  was  aWj 
disappearing,  being  replaceK^l  by  varicnis  coarser  gri>wing 
plants  and  grasses.  It  is  pr<jb!ible  that  the  imifonn 
hardening  of  the  surface  by  the  tread  of  the  herxis  of  bison, 
together  with  the  equally  regular  manuiing,  favoured  the 
growth  of  this  particular  form  of  grasses. 

As  we  travel  westwards,  t<iwards  the  Rocky  Mountains, 
the  plains  become  more  arid,  and  in  places  the  veget-ation 
resembles  that  of  the  deserts  of  the  great  basin.  Here 
there  are  fewer  conspicuous  flowem,  and  a  preponderance 
of  dwarf  creeping  plants,  with  a  few  thorny  bushes  and 
some  species  of  wormwood,  forming  the  well-known  "  aage- 
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bmsh  "  of  the  deserts.  In  the  interior  plains  these  thorny 
and  grey-leaved  shnibs  i>rf?vail,  with  wide  tracts  of  bare 
earth  f>f>.en  covered  with  s^xlino  incriistatioiis.  Ken?  ?iiul 
there  are  found  some  pretty  flowers,  svich  as  phliixes, 
alliums,  phacelias,  gilias,  cleomos,  a*nothi>ni«,  and  other 
characteristio  plants;  hut  the  general  asj^ect  is  that  of 
hare  .soil  scantily  envered  with  a  dwarf  vegetation,  or  of 
low,  shrubby  thickets  of  a  grey  or  leafless  aspect,  eonsisting 
mostly  of  plants  allied  to  the  salt-wort,  onichcj  and  sea-blite 
of  our  salt-marshes,  or  the  goose-foot  and  wormwood  of  our 
wajsto  places. 

The  Hocky  Mauntains. 

We  will  now  leave  these  comparatively  uninteresting 
plains  and  deserts  and  enter  on  the  Rocky  Afonn tains 
proper,  their  deep  cailons,  their  w^ooded  slopes  and  valleys, 
and  their  upland  pastures,  rocky  streams  and  alpine? 
heights.  The  forest  trees  consist  mainly  of  a  few  species  of 
pines,  firs,  and  junipers,  none  of  them  very  remarkable  for 
size  or  bt*auty,  with  several  poplars,  and  a  few  cjaks,  beeches, 
and  maples ;  but  these  nirt^ly  form  continuous  forests, 
xeept  where  the  soil  and  other  conditions  are  especially 
vourable.  Almost  everywhere  the  conifers  are  most 
prominent,  and  give  their  peculiar  character  of  dark 
ever- green  spiritless  to  the  forest  vegetation.  The  present 
scantiness  of  timbc*r  trees  is  no  doubt  partly  due  to 
the  agency  of  man,  first  by  starting  forest  fires^  which 
rapidly  clear  extensive  areas,  and  more  recently  by 
the  felling  of  timber  for  building  and  mining,  a  cause 
which  has  denuded  most  of  the  valleys  of  their  original 
forest  trt^es-  There  are  a  considerable  nund^er  of  shrubs 
of  the  usual  American  types,  such  as  suuuachs,sn owberries, 
hazels,  spinpas,  brambles,  and  rose^a,  mostly  of  species 
eonnnon  to  other  parts  of  Americii  and  of  no  special  interest 
frojri  our  present  point  of  view. 

It  is  when  we  enter  among  the  mountains  and  explore 

e  valleys,  canons,  and  lower  slopes,  that  we  meet  with  a 

riety  of  new  and  interesting  plants.     Among  these  are 

e  which  are  specially  characteristic  of  this  part,  of  North 

America.     The  phloxes,  polemoniums,  and   giliaSj  some 


an 


trojr 

Khe 
^HEri 


S16 


BTUDIES.  BCIENTIPIC  AMD  tsOCIAL 


species  of  which  are  coniraon  in  our  gardens,  are 
abrnidant,  as  are  the  pens  tern  ons  and  miinuluacs,  mth 
t.ho  brilliant  castilleia-s  1h' longing  to  the  same  faniily 
(ScrophiilariaeeEe),  whose  c-rinison  or  scarlet  bnicts  form 
one  of  thi'  greatest  orn amenta  of  the  higher  wot>ds  and 
pa8titres.  The  elegant  genus  Phacelia  is  not  imconitnon* 
though  its  chief  development  is  in  California,  and  the 
moist  valley  bottoms  are  often  blue  with  the  well-known 
flowei*s  of  the  bulbous  ciimassia,  A  curious  gemis  of  the 
Polygonum  family  (Eriogonum)  is  abundant,  and  the 
yellowish-white  or  rosy  flowerg  of  some  of  the  species  are 
very  pleasing,  HandRome  composites  abound,  especially 
the  genus  Erigeron,  with  a  number  of  peculiar  forms,  while 
the  beautiful  butterfl^^-ttdips  of  California  (Caloehortus) 
here  make  their  first  appeamnee.  Lupines  also  arc 
plentiful,  though  less  so  than  further  west,  and  the 
beautiful  American  cowslips  (Dodecathcon),  sometimes 
called  **  shooting-stars,'-  are  not  un frequent  in  boggy 
inea<lows. 

But  in  addition  to  these  more  or  less  characteristic 
Americiin  types,  the  botanist  is  at  once  struck  by  the 
appearance  of  a  number  of  European  or  even  of  British 
plants,  and  these  not  introduced  weeds  but  forming  an 
essential  part  of  the  flora.  This  is  proved  by  the  fact 
that  the  further  we  penetrate  among  the  mountains  and 
the  higher  we  ascend,  the  more  numerous  become  these 
familiar  species  or  genera.  Among  the  more  abundant  of 
these  plants  are  the  common  ytirrow{A€}tilkamiUc/olium), 
our  blue  hare-bell  {Cmnpanula  rohmdi/olia),  the  bist-ort 
{Polymuitn  histmift),t\ie  common  silver-weedof  our  madsides 
(Poientilla  mism?i>a),  and  the  rarer  shrubby  cinquefoil  (P, 
jf7*iiiw(isa).  In  the  sub-alpine  and  alpine  districts  these 
plants  of  the  old  world  become  more  frequent  and 
occupy  a  larger  space  in  the  entire  vegetation,  and  in  order 
to  show  the  importance  of  this  interesting  feature  of  the 
Rocky  M  nun  tain  flora  it  maybe  well  to  give  a  brief  account 
of  a  weeks  exploration  of  the  vicinity  of  Gray's  Peak,  one 
of  the  highest  mountains  of  Colorado, 
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Alpine  Plmds  of  tht  Mmkies. 

Accompanied  hy  a  botanical  friend  from  Denver  I  went 

irBt  by  mil  up  Clear  Creek  Canon,  [>assing  b}^  George- 
•cvwDt  to  (ImyinfUint,  the  terminus  of  the  railway,  where 
there  is  an  hotel  and  where  horses  are  obtained  for  the 
ascent  of  (iray'a  Peak,  about  nine  miles  distant  by  the 
road.  Giaymount  i'^  situated  at  the  Junetion  of  two  valleys 
and  is  about  9,500  feet  .above  the  sea  levoh  During  a  short 
stroll  on  the  afternoon  of  our  arrival  on  some  rocky  slop^.s 
we  found  two  of  our  I'arer  British  plants,  the  winter  green 
(I^rola  roimidifolm)  and  the  elegant  twin-flower  (£iB?iar(2. 
ormlis)f  but  insteiwl  of  having  nearly  white  floweiia  the 
^former  wiis  reddish  and  the  latter  was  of  a  deeper  eoliiur 
than  in  our  native  plant.  The  next  day  we  walked  to  Kelso's 
cabin,  where  are  s^me  miners'  houses  abont  11,000  feet 
above  sea-level,  situated  at  the  lower  end  of  a  fine  upland 
valley*  which  is  above  the  timber  line.  During  the  earlier 
part  of  our  walk  up  a  wooded  valley  we  first  noticed  fine 
clumps  of  the  Siberian  lungwort  {Merk^isia  siberka)  with 
its  lovely  pale  blue  flowers,  growing  more  compactly  than 
in  our  gardens,  and  splendid  masses  of  the  shrubby  cinque- 
foil  covered  with  its  handsome  yellow  flowers,  as  well  as 
our  common  harebell,  all  in  the  greatest  luxuriance  and 
beauty.  In  damp  shady  places  wc  found  the  little  moschafcel, 
and  in  bogs  the  curious  Simiim  ^^crcnni^,  a  kind  of  gentian 
with  alaty-blue  flowera.  These  are  all  European  or  North 
Ai^ian  plants,  but  there  were  many  others  peculiar  to  the 
regiiin,  though  sometimes  of  European  rather  than  Ameri- 
can a6Finity.  Huch  are  the  lovely  columbine  {Aquilfqla 
aenilm),  allied  to  the  species  of  the  European  Alps,  abun- 
dant and  conspicuous  with  its  large  blue  and  white  flowers, 
while  mingled  with  it  grew  the  gaudy  Castilkia  intefpn, 
whose  leafy  bmcts  of  intense  crimson  are  visible  from  a 
long  distance.  This  is  a  true  American  type,  as  is  the  pretty 
liliaceous  plant,  Zygaxiemts  ^lauc-iL^;  and  there  were  also 
abundance  of  flark  purf»le  or  bright  blue  penstemons, 
^several  showy  groundsels  and  erigerons  and  the  handsome 
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It  was  when  we  hnd  passed  the  timber  line  at  aliotit 
11,500  JV^'t  elevation,  finrl  had  en  to  red  the  bare  rocky 
valley  at  the  hoiwl  of  whi€h  risers  the  snow- flecked  siinniiit 
ciP  fJiTiy^s  Peak,  that  we  diseovcmd  some  of  the  ehief  gems 
of  the  a! pine  flom  of  the  Rocky  Moiintnins.  Along  the 
boiTk'!'8  of  the  stream,  fed  by  the  still  meltinej  snowf?  and 
with  its  roots  in  the  water,  were  fine  clumps  of  the  hand- 
somest Anierican  prinirnse  {Priinula  Parr^/),  it^^  whorled 
flowers  of  a  crimgan-porplo  eolonr  with  a  yellow  eye  re- 
sembling in  gcncml  ap|>earance  the  well-known  Japanese 
primrose  of  our  garrlen?^  Among  the  stony  di5bns  and 
lixise  bonklers  which  horHered  the  stream  the  beautiful 
PkareHa  mrkea  was  abnndnnt,  its  violet-blue  flowers  grow- 
ing in  dense  clusters;  and  prmlucing  a  chainning  effect 
among  its  desert  surroundings.  This  is  a  typical  AiiKTicau 
plant,  since  not  only  is  the  genus  a  peculiar  one  but  the 
natural  order  to  which  it  belongs — the  Hydrophyllaeejr — is 
almost  confined  to  that  continent.  The  beautiful  nemo- 
jjhilas  of  iUir  ganiens  belong  to  the  same  family.  In  boggy 
places  the  handsome  Greenland  louse  wort.,  an  Arctic 
species,  was  plentiful,  and  in  rocky  crevices  we  found  the 
moss  campion  (Silcne  o^^aulu),  which  is  abundant  on  the 
♦Scotch  and  Welsh  mountains. 

The  next  morning  we  fortunately  detenniiied  to  explore 
a  lateral  valley  called  Grizzly  Gulch,  which  diverged  to 
the  north  a  mile  above  the  hotel  and  led  into  a  fine 
upland  valley  on  the  north  side  of  Gray  s  Peak,  Here, 
just  below  the  timber-line,  we  found  a  miner's  house ^  and 
the  two  nnners  who  hail  come  home  to  dinner  invited  us 
to  join  them,  and  then  offered  to  show  us  a  fine  place  for 
flowers.  They  took  us  through  the  wood  for  half  a  mile, 
when  %Ye  came  upon  a  rocky  and  grassy  slope  with  great 
snow -patches  in  the  shady  hollows,  and  the  ground  which 
the  snow  had  left  was  literally  starred  with  flowers. 
Leaving  us  to  go  to  their  WTjrk  in  a  mine  on  the  steep 
side  of  the  mountain,  we  luxuriated  in  the  finest  Alpine 
flower-garden  wo  had  yet  seen,  although  my  friend  had 
visited  the  mountains  several  times,  What  first  attnict.€?d 
our  notice  wisre  three  plants  of  the  ernwsfont  family,  which 
grew  intermingled  on  a  grassy  slope  almost  surrounded  by 
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low.     Thoifo  were,  a  nearly  white  globe-flower  (TrolHfm 
P^iMJim'^isX  very  dwarf  tirid  with  spreading,  not  glohiilar 
flowers;   a   huttorriip,   whose    flowc^rt^   wert^  of  th*^   mnat 


t>erfc»ct 


arid  of 


cirenlar  outline,  aiKl  ot  a  pore  and    rich  jeUow^ 
Ixtth  pi^cidiar  to  the  Rocky  MoimUiinH ;  and  the  narciK^5UH- 
flowered  anemone  of  the  Etn^opean  Alps,     Going  a  litth^ 
farther  wo  found  some  of  the  more  chanicteristic  Anjerican 
forms,  such  as  the  beautiful  blue- flowered  Mertenma  alpma^ 
a  dwarf  Alpine  form  of  Merfensia  ifiberi^a  and  ]ierhaps  the 
mo8t  lovtdy  plant  of  the  genu^s ;  the  pretty  fringed  grass 
i)f  [Mimassus  (Farnassia  Junh^iata) ;   with  peculiar  species 
of  the  European  genera,  Aster,  Cardamine,  A.stragalus^ 
Delphinium,    Tri  folium,    Haxifraga.    Sedum,    Valeriana, 
Veronica,  and   Pedicularis;   with  fithei's  r^f  the  American 
^ofHTa,  Phaeelia,  Chionfiphilaj  Mimuhis,  and  Zygadennis; 
and  hi<lden  among  the  rock»  the  minute  prjrjikvtltiwertd 
rimula  tiuffttslffoiia.     What   more  especially  intei't'sttxl 
e,  however,  wjis   the   number   of  identical    British   or 
European   species.      8nch    were    the   nioss- campion,    the 
fjfas  iwttrpHfth,  Hihhildin  jirorumlteiw,  the  rose  wort  (Sedvin 
(Hliola)^  the    A 1  pi  Ike    Veronicii,  and    the   Aliriiie  chick- 
weed,  IJoydift  ti^roHna,  a  small  liliaceous  plant  fvnmd  on 
SnowfloTi,  and    two  saxifrages,  Suxifrnffa  iiivalu  and    S, 
ecmtut,  all  found  also  in  our  Welsh  or  Scotch  mountains; 
I      and  of  European  Alpines  the  pretty  ^laty-blue  Swtrtin 
pet'amu,  wliich  dotted  the  grassy  sit^pes  with  its  delicate 
flowei'^,  the  Alpine  Astragahis,  the  Arctic  willow,  several 
i^*ixifrages  and  gentians,  and  some  other  species  charae- 
trc*ristic  of  the  flora  of  the  Alps. 
^_^  The  next  day,  after  sleeping  at  a  miner's  cabin  situated 
^Ht  the  head  of  the  main  valley  at  almut  12,5CH)  feet  cleva- 
^^on,  w^e  ascended  to  the  top  of  Gray's  Peak,  which   is 
14,250  feet  high,  and  met  with  many  other  interesting 
plants.      The    little   £Htriehmm  namtm,  a  minute   but 
intensely  blue  forget-me-not,  was  found  growing  in  the 
midst  of  clumps  of  the  moss-campion  ;  the  Gentiana  teiieUa 
and  Campanula  tmijityra  of  the  Arctic  regions  were  also 
found  at  abi>ut  13,000  feet  elevation  ;  wHth  the  British 
Alpine  penny-cress,  the  yellow  Iceland   p>ppy,  the  two- 
flowered  saiiflwort,  the  Alpine  arnica,  the  snowy  buttercup, 
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and  othor  tnily  Arctic  plants.  Along  with  these  were  a 
few  Amfricjin  alpine  types,  such  ii8  EriogonumSt  C.%stillt*ia», 
aiiil  sovoinl  coinpnsitcR  Nisir  the  summit  of  the  moun- 
tain there  were  alternate  iipwapl -si oping  bands  of  Uxige 
ruok-debiis  ami  .short  turf,  the  latter  ^y  with  pretty 
yellow  flowers.  On  examination  these  were  found** to 
consist  of  a  patent  ilia  an^l  a  sfixifrage,  whose  flowers,  rest- 
ing close  on  the  ground,  were  so  much  alike  in  size,  fonn, 
and  colour  that  at  a  shr irt  distance  they  appeared  identical 
The  intermixture  of  two  very  distinct  species  of  flowers, 
coloured  and  shaped  alike  and  flowering  at  the  same  time, 
is  very  uncommon*  because  it  would  interfere  with  regular 
cross -fertilization  by  insects.  In  this  high  and  exposed 
situation,  however,  where  the  flowering  season  is  Tery 
short  and  insects  very  scarce,  the  combination  of  two 
species  of  flowers  may  lead  to  a  more  conspicuous  display, 
and  be  more  attractive  to  whatever  insects  may  visit  such 
great  altitudes;  Avhile  with  plants  of  such  distinct  families, 
the  intemiixture  of  the  }>oUen  would  lead  to  no  evil  result, 
since  each  woidd  bo  totally  inert  on  the  stigma  of  a  flower 
of  the  other  kind*  The  two  species  appear  t<>  be  Sa^.'%/7*aga 
chrymnfha  and  PokntiHn  dinsfcta. 

On  a  general  summary  of  the  plants  noticed  during  this 
excursion  to  one  of  the  richest  districts  in  the  Rocky 
Mountains,  I  And  that  they  comprised  no  less  than 
20  British  species,  about  45  European,  mostly  high 
AJpine  or  Arctic,  and  about  80  sjiecies  which,  though  dis- 
tinct, were  allied  to  European  types.  There  were  thus  a 
total  of  05  species,  either  identical  with  or  allied  to 
European  plants,  while  those  which  belonged  to  American 
genera,  or  were  most  nearly  allied  to  American  species, 
were  about  30  in  number*  It  thus  appears  that  the 
alpine  flora  of  the  Rocky  Mountains  is  mainly  iflentical 
with  that  of  the  Ai*ctic  regions,  and  it  is  this  identity  which 
leads  to  the  occurrence  of  so  many  British  species  in  this 
remote  district,  In  the  review  of  the  entire  alpine 
flora  of  the  Rocky  Mountains  by  Professor  Asa  Gray 
and  Sir  Joseph  Hooker^  the  number  of  species  identical 
with  those  of  the  Arctic  regions  is  102,  and  the  distinct, 
though  often   allied,   species    81,  while    those    that   be- 
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long  to  quite  peculiar  Americazi  genera  are  only   14  in 
number. 


In  considering  how  this  curious  similarity  of  the  alpine 

3€ics  of  the  two  continent  has  been  brought  about,  we 
must  go  biick  to  a  time  anterior  to  the  glacial  epoch, 
when  a  mther  mild  climatic  prevaileil  in  much  of  what  is 
now  the  Arctic  regions.  The  presuiifc  Ai'ctic  flora,  or  its 
immediate  ancestors,  was  then  probably  confined  to  the 
highifst  latitndes  an>und  the  North  Pole,  together  with 
the  higher  mountains  which  were  immediately  contiguous 
— ^sueh  im  Greenland,  then  only  partially  or  not  at  alt  ice- 
clad,  Spitstbergen  and  Nova  Zenjblap  aud  ^me  of  the 
uiounbiia  peaks  of  Alaska  and  North-Eastern  Asia,  At 
this  time  the  Rocky  Mountains,  the  Euro[»ean  Aljis,  and 
even  Scjindinavia  supported  in  all  probability  only  alpine 
forms  of  the  plants  of  the  surrounding  lowlands,  such  fis 
are  now  everywhere  intermingled  with  the  widespread 
Arctic  sj>ecies.  As  the  cold  came  on,  and  the  ice -sheet 
crept  farther  and  farther  over  the  two  continents,  the  true 
Arctic  plants  were  dnven  southward,  displacing  the  indi- 
genous tlora^  which  could  not  w^ithstand  the  incrt.'iising 
severity  of  the  climate,  and  occupying  all  the  great 
mountain  ninges  on  the  lower  side  of  the  ice-fields  and 
laciers),  and  also  such  of  the  peaks  as  rose  jK^rmanently 
^ove  tho  ice -sheet  of  the  glacial  epoch.     As  the  cold 

riod  gradually  passetl  away,  these  hardy  ]>lants  kept 
lose  to  the  gradually  retreating  ice,  and  in    this   way 

ountc<l  to  the  higher  peaks  of  many  luoun tains  from  w*hich 
the  ice  and  even  perpetual  iiuow  wholly  passed  away. 
Thus  it  is  that  so  many  species  are  now  eonniion  to  the 
R«x;ky  Mountains  and  the  European  Alps;  and,  what 
seems  more  extraui-dinary,  that  identical  plants  occur  on 
the  summits  of  the  isulatt^d  Scotch  and  Welsh  mountains^ 
and  also  on  the  White  Mountains  of  New  Hampshii-e  and 
somt^  of  the  uiuun tains  to  the  south  of  them. 

Before  passing  on  to  sketch  the  flora  of  the  west  coast 
of  America,  we  may  briefly  notice  the  more  prominent 
'  fferences  between  the  K*)cky  Mountain  tiora  ;md  that 
our  EuiHjpean  Alps,  such  diBerences  as  must  atiike 
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every  traveller  who  takes  an  mteresb  in  the  floiul  beauties 
of  the  two  regions.  In  the  Alps  the  more  striking  and 
?;howy  tloweri^  of  the  Alpine  pastures  and  higher  rockii  art; 
the  white,  [mrple,  and  yellow  aneciones  ;  the  beautilu! 
violas  ;  the  glorious  blue  geatiaus  atarriiig  the  short  turf 
with  azure  and  indigo,  the  numerous  saxifrages,  otteii 
\\'ith  large  and  showy  i!iprays  of  flowers;  the  many  beauti- 
ful rosy  and  purple  primulas  and  yellow  auricnhiii;  th^ 
haiulsunie  pinks;  the  delieate  campanulas;  the  showy 
white  and  yellow  buttcrcupis,  and  the  graceful  mc^ow- 
nieH.  Now  in  alinoat  all  these  groups  the  Rix;ky  Moun- 
tain alpine  and  j^ub-alpine  flora  is  dehcient.  Anemones 
ar^e  conjjNiratively  lew  in  species  and  not  abundant; 
vi<jlas  £ire  almost  absent  in  the  higher  regions;  gentians^ 
though  fairly  abundant  m  species,  make  no  brilliant  dis- 
play as  they  do  in  the  Alj>s ;  saxifi'ages  are  lew,  and  those 
of  the  ernsted  sectit>n  with  rigid  leavers  and  large  racemes 
of  flowers  are  entirely  wanting ;  primulas  are  represented 
by  uUe  handsome  and  two  small  and  mther  scarce  sj>eeies; 
catnpuiuUis  are  scarce,  and  pinks  are  entirely  absent; 
while  buttercups  and  ineadow-mes  are  by  no  means 
abundant  Instead  of  these  flowera  so  familiar  to  the 
Alpine  tourists,  the  moyt  showy  and  widespread  plants 
are  the  fine  and  long-spin'red  blue-and-white  columbine, 
and  the  sciirlet  or  crimson -hrac ted  castilleias,  w^hich  form 
sheets  of  beautifully  contrasLcd  colours,  often  ooveiing 
wide  mountain  slopes  either  above  or  just  below  the 
timber-line;  numerous  purple  or  blue  penstemons;  fine 
blue  polemoniums  and  lungworts  of  the  genus  Mertensia ; 
some  bandsonie  purple  or  whitiish  louseworts,  and  a  host 
of  showy  (jurple  or  yellow  conijjosites,  which  are  far  more 
uuuierous  and  varied  than  in  the  Europt^an  Alps,  and 
occupy  a  more  prominent  [jiace  in  the  alpine  and  espeeiall}* 
in  the  sub-alpine  Kocky  Mountiiin  flora.  It  is  evident, 
therefore,  that,  notwilhstanding  the  identity  of  so  many  of 
the  species  and  genera  oi'  the  two  regions  the  ja'ojjortiom^ 
in  which  they  occur  are  very  tlifferent,  and  the  ius[]ect  of 
the  two  floras  ih  thus  altogether  distinct,  and  in  some 
rctjpecta  strikingly  contrasted. 


FLOWERS  A^B  FORESTS  OF  THE  FAR  WEST        22a 


Fhm  of  ifu  Sieira  N€vada  and  Calif i^rnia. 

When  we  go  westward  to  tho  Sierra  Nevada  of  Cali- 
fornia, we  meet  with  anuther  alpine  tiora,  geiiei-ally  similar 
to  that  of  the  Rocky  Mouiitatns,  but  with  a  j^maLler  pro- 
portion, of  Arctic  sjjecies  and  more  which  are  chai*acter- 
btic  of  America.  Here  we  find  d  waif  shrubby  penstemous, 
euriouB  piickly  gilian,  Mimutu^s  and  Erit*gonimi  in  mui\3 
abuodaiice,  and  a  greater  variety  of  furna  But  it  is  wheu 
we  descend  to  the  lower  alopea  and  to  the  valleys  and 
cf>ast  ranges*  oj"  California  itself  that  we  find  the  greatest 
abundance  of  new  jjlaiiLs  altogether  distinct  from  anything 
in  the  Eiistern  States,  and  it  is  to  these  that  we  must 
devote  the  remainder  of  our  si)ace. 

Few  countries  have  contributed  to  our  ganleiis  a  larger 
number  of  showy  and  interesting  jJants  than  California, 
The  rich  onuige  yellow  Esehselioltiiias^  the  brilliant  Calan- 
drinias.theshowy  Gt>detiiis  and  Clarkiiis,lhe  beautiful  little 
Nemojihilas  and  Phaceli^is,  the  gaudy  Mimiduses  and  the 
handsome  ColUnsias,  are  known  to  every  lover  of  garden 
lie  Wei's,  Others  iatjiiliar  to  every  horticulturist  arc  the 
c u  rie us  pi  tc h e r- p  1  ant — Da HijigtoniAi  Calif urfiiva^  the  ha n d- 
somo  gigantic  white  pjppy — Einnnei/a  muUcri,  the  elegant 
I^ketUra  fonnctm,  the  fine  yellew-flowered  shrub  Frenu/adia 
tialifm*mm,  the  utnamenUil  blue  or  white-tiowered  ever- 

ens  of  the  gerius  Ceanothus,  the  tiiie  whrubby  lupines, 
the  lovely  Ho wi- ring  currants^  including  ttie  tine  MU)m 
^ciosmii  witli  drooping  fuchsia -like  dowei-s,  the  sciirlet- 
flowered  ZaiiSi'hneria  Oali/hnikii,  the  tine  shruljby  Dvplam$ 
f/lutifwsus,  and  histly,  the  many  ornamental  bulbous  plants, 
such  aa  the  lrite!eia.s,  brodia^tis,  lilies,  and  es]>ecially  the 
lovely  butterHy-tulips  of  the  genus  Calocliortus,  whose 
flo Wei's  are  most  exquisitely  marked  inside  with  delicately- 
ciitoured  hairy  fringes.  But  this  by  no  means  gives  an 
idea  oi^  the  great  peculiarity  of  the  Californian  tiora^  which 
is  best  shown  by  the  huge  number  of  its  genera,  probably 
more  than  a  hundred,  which  are  altogethei  unknown  in 
the  Eastern  States.  The  tiora  is  in  fact  related  to  that  of 
Mexico,  just  as  the  Boiu  of  the  Rocky  MounLain^  is  related 
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to  that  of  the  Arctic  regions,  and  the  Ea&tem  States  flora 
to  that  of  Japan  and  Eastern  Asia, 

But  although  the  valleys  and  lowlands  of  California 
are  special  I3*  characterisetl  by  hosts  of  brilliant  annuals, 
monkey- How ers,  hijiinc!?;,  and  lowering  shrubs,  which  make 
tht.*  cotnitry  a  veritable  flower-garden  in  early  spring,  it  i^ 
from  its  irnjuntain  fore^sts  of  conifene  that  it  derives  its 
gmndest  and  best-known  characteristic^*.  To  a  brief 
sketch  of  these,  and  of  thu  accom|iariyiiig  shrubby  and  herb- 
aceous vegetation,  the  remainder  uf  this  chapter  will  be 
devoted 

The  Cali/ornian  Fa/rsts. 

The  Sienn  Nevada  of  California,  though  rising  to  nearly 
the  same  altitudes  as  the  Rocky  Mountaini^i  in  by  do 
means  an  imposing  ninge,  owing  to  the  exceedingly 
gradual  slope  of  the  foothills  which  are  continuous  with 
it.  From  these  low  and  arid  hills,  rising  with  a  very 
uioderatc  slojje  from  the  gi*eat  central  vaHey  of  California, 
there  is  a  constant  riisc  over  an  undulating  or  mggeil 
country  for  nearly  a  hundred  niile^  to  the  summits  of  the 
great  ninge.  The  intervening  tract  is  often  cut  into  deep 
winding  valleys,  whose  higher  slopes  are  terminated  by 
rugged  volcanic  precipices,  where  they  have  cut  through 
the  old  lava-streiims  that  once  covered  a  large  portion  of 
the  mountains;  while  neiirer  to  the  crest  are  enormously 
deep  valleys,  bounded  with  vertical  walls  and  gigantic 
domes  or  splintered  j>eaks  of  granitic  rt^cks,  of  which  the 
celebrated  Yosemite  Valley  is  the  l>est  known  ex  am  pie. 
Owing  to  this  formation  the  sunimits  of  the  range  can 
only  be  seen  from  great  distances  and  from  a  few  tavonr- 
able  points,  as  a  somewhat  jagged  Inie  on  the  far  horizon, 
just  rising  above  the  dark  forest-clad  slopes,  and  here  and 
there  flecked  with  perpetual  snows.  A  coach  drive  of 
three  days  from  the  i-ailway  tc^rminiis  at  Milton  to  the 
Yosernite  Valley,  and  another  to  the  Calaveras  groves  of 
"  big  trees/'  gave  me  an  excellent  ojjportunity  of  observing 
the  main  features  of  this  remarkable  forest  region. 

The  lower  portion    of  the  foothills  up  to  two  or  three 
thousand  feet  has  been  greatly  defaced  by  gold-miners^ 
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who  have  dug  over  miles  of  ground  aod  cleared  away  most 
of  the  fine  timber.  Thin  lower  portion  is,  however,  natur- 
ally more  arid,  and  the  trees  have  never  been  so  fine  as 
at  greater  elevations.  It  ia  curious  to  notice  how  the  pines 
and  firs  increase  in  beauty  as  well  as  in  size  as  we  ascend 
further  towards  the  centiul  ranges.  For  the  first  thousand 
feet  there  is  a  scanty  vegetation  of  stimted  shrubs,  and  the 
only  conifer  is  the  scrub- pine  (Pintis  saMniana),  which  has 
a  rno^t  singular  appeaninee,  being  irregularly  branched, 
with  scanty  foliage,  and,  when  well  grown,  ItKjking  at  a 
dbtance  more  like  a  poplar  than  a  pine.  Higher  up 
occurs  the  large  white  pine  (Finus  pcniderom),  which, 
eiccept  in  verj^  fine  specimens,  is  a  coarse,  unomamental 
tree.  Above  two  thousand  feet  we  meet  with  the  sugar 
pine  (IHniis  iambtrtiana),  so  called  because  its  turpentine 
IS  sweet  and  sometimes  almost  like  a  mixture  of  sugar  and 
turpentine.     This  is  a  handsomer  species,  and  when  full 

frown  is  of  immense  size,  and  may  be  known  at  a  distance 
y  its  clusters  of  large  cones  hanging  down  from  the  very 
extremities  of  its  loftiest  branches.  Thus  far  the  forests 
are  poor,  owing  to  the  absence  of  the  more  elegant  firs  and 
cedars,  which  only  appear  above  2,500  feet,  when  we  first 
meet  with  the  noble  Douglas  fir  and  the  beautiful  Red 
cedar  {Ifiboccdri^  decurrefis).  This  last  is  usually  known 
in  our  gardens  iis  Thuja  gigaiUea,  characterised  by  its 
columnar  mode  of  growth,  and  here  sometimes  reaching  a 
hundred  and  fifty  feet  in  height.  Higher  still,  at  about 
4,000  feet,  we  come  upon  the  most  beautiful  of  the  CaH- 
fomian  firs^  AMm  cmicolor  and  A.  nohilis.  Both  are  exqui- 
sitely symmetrical  in  growth,  while  the  dense  horizontal 
branches  of  the  latter  species  are  adorned  with  the  most 
delicate  blue*green  tints.  These  beautiful  trees  are  to  be 
seen  here  in  every  stage  of  growth,  from  such  small  plants 
as  we  see  on  the  lawn  of  a  suburban  villa  up  to  noble 
specimens  150  or  200  feet  in  height.  Those  two  elegant 
ms,  along  with  the  stately  cedar  and  Douglas  fir,  and  the 
noble  yellow  pine  and  sugar-pine,  constitute  the  main  bulk 
of  the  forest  from  4,000  to  7,000  feet  elevation,  the  belt  in 
which  alone  are  found  the  true  '*  big  trees  "  {S^^uoia  gigan- 
~  i),  in  this  country  commonly  known  as  the  Wollingtonia. 
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Throughout  these  magnificent  forests  there  is  hardly  any 
admixture  of  exogenous  trees,  and  those  that  do  occur 
only  form  an  undergrowth  to  the  far  loftier  conifene.  A 
few  small  oaks  and  mapleis  are  sometimes  seen,  but  more 
generally  there  m  only  an  undergrowth  of  beautiful  shrubs, 
the  most  conspicuous  being  the  fine  Californian  dog-wood 
{Conms  nuUalii),  whose  flowers,  formed  of  the  white 
involucres,  are  six  inches  across;  and  the  lovely  white 
azalea,  whose  delicate  blossoms  arc  beautifully  marked 
with  yellow.  Besides  these  are  the  handsome  Californian 
laurel  and  the  white  or  blue  flowered  Ceanothus,  while  the 
''  mixdrouo  "  and  *"  manzanita  *'  (species  of  Arbutus  and 
Arctostaphylos),  are  found  in  the  drier  portions  of  the 
forest  and  at  a  lower  elevation. 

The  gix>und  under  the  pines  and  firs  is  usually  rather 
bare,  but  in  favourable  places  there  are  some  curious  or 
beautiful  creeping  or  herbaceous  plants.  Some  of  the 
drier  slopes  are  completely  carpeted  with  a  curious  little 
rosaceous  plant  {Oltumitbaiinfolwiosfij.h'iiymg  white  flowers 
like  those  of  a  bramble  and  the  most  minutely  divided 
tripinnate  tuliagep  each  leaflet  looking  about  the  size  of  a 
pins  head.  Perhaps  the  niost  remarkable  herbaceous 
plant  of  these  forests  is  the  Sarcode^  san^uinm,  a  leafless 
parasite  allied  to  our  native  monotropa,  but  of  an  intense 
crimson  colour  and  very  large,  being  often  more  than  a 
foot  high  and  two  or  three  inches  diameter.  It  is  called 
the  **  snow-plant "  in  California,  because  it  appears  before 
the  snow  has  w^ holly  melted  and  is  most  striking  and 
beautiful  when  gro%ving  out  of  it.  This  plant  is  accurately 
represented  in  one  of  the  pictures  in  the  "  North  "  gallery 
at  Kew.  On  the  sides  of  the  rocky  streams  growing  in 
fissures  which  are  often  under  water,  the  large  peltate 
saxifrage  seems  quite  at  home,  although  in  our  gardens  it 
will  grow  and  flower  even  in  the  driest  situations  The 
fine  shrubby  Pcnsfmium  7iewbe7*ri/i  also  adorns  the  roeky 
mai^ns  of  the  streams,  the  beautiful  Biplactcs  ghdinomis 
of  our  greenhouses  is  a  common  wayside  shrub,  w^hile 
lovely  blue  Brodiseas  and  painted  Calochorti  or  butte: 
tulips,  are  as  common  as  our  bluebells  and  poppies 
tine  yellow  Cppiipedmm  monianum  is  occasionally  found 
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in  the  forest  hog^,  while  in  open  ground  near  the  "  Big 

Tree "  Hotel,  exquisite  tittle  blue  Nemophilas,  yellow 
Mimulua,  and  a  tall  Echinospernmm  with  llowenj  like  a 
large  forget-me-not,  were  very  abundant.  Amoog  these 
and  many  other  strange  flowei's  one  British  species  was 
found,  often  starring  the  ground  under  the  giant  trees 
with  its  delicate  flowers.  This  was  the  little  chick  weed 
winter-green  {Tricnkili&  Euvopma)^  only  ditfering  from  our 
native  plant  in  the  flowers  being  pale  pink  instead  of 
white. 

Even  if  we  leave  out  of  consideration  the  giant  Sequoias, 
the  forests  of  the  Sierra  Nevada  would  stand  pre-eminent 
for  the  beauty  and  grandeur  of  their  pines,  firs,  and  cedars. 
Three  of  these,  the  white  pine,  the  red  cedar,  and  the 
sugar- pine  are,  not  unfrequcntly,  more  than  six  feet  in 
diameter  at  five  or  aix  feet  above  the  ground,  whence  the 
giant  trunks  taper  very  gnwlually  upwards.  One  sugar- 
pine  near  the  Big-Tree  Hotel  was  found  to  be  seven  feet 
two  inches  in  diameter  at  five  feet  above  the  ground.  A 
red  cedar  measured  at  the  same  height  was  seven  feet 
diameter,  and  one  of  the  white  pines  five  feet  nine  inches. 
The  height  of  the  above-namecl  sugar- pine  was  measured 
approximately  by  means  of  its  shadoWj  and  found  to  be 
225  feet,  and  I  was  assured  that  one  which  had  been  cut 
down  near  the  hotel  was  252  feet  high.  The  Douglas  fir  in 
the  forest  of  British  Columbia  is  said  to  surpasa  these  di* 
metLsioDS  considembly,  being  often  ten  feet  or  even  twelve 
feet  diameter,  and  near  300  feet  high.  Probably  in  no 
other  part  of  the  world  than  the  west  coast  of  North 
America  is  there  such  a  magnificent  group  of  trees  as 
these  ;  yet  they  are  all  far  exceeded  by  two  others  in- 
habiting the  same  country,  the  two  Sequoias — S.  gi^aniea 
and  jS  sernpermrens. 


The  Big  Trees  of  Cali/oj^ia. 

In  the  popular  accounts  of  these  trees  it  is  usual  to 
dwell  only  on  the  dimensions  of  the  very  largest  known 
specimens,  an^l  sometimes  even  to  exaggei-ate  these. 
Even  the  smaller  full-grown  trees,  however,  are  of  grand 
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dmiensionSj  varying  from  14  to  18  feet  in  diameter  at 
six  feet  above  the  ground,  and  keeping  nearly  the  siame 
thicknei5s  for  perhaps  a  hundred  feet.  In  the  south 
Calaveras  grove,  where  there  are  more  than  a  thousand 
trees,  the  exquisite  beauty  of  the  trunks  is  well  displaye<l 
by  the  numerous  specimens  in  perfect  health  and  vigotir 
The  bark  of  these  trees,  seen  at  a  little  distance,  is  of  a 
bright  orange  brown  tint^  delicately  mottled  with  darker 
shades,  and  with  a  curious  silky  or  plush-like  gloss,  which 
gives  them  a  richness  of  colour  far  beyond  that  of  any 
other  conifer.  The  tree  which  was  cut  down  soon  after 
the  first  discovery  of  the  species,  the  stump  of  which  is  now 
covered  with  a  pavilion,  is  25  feet  in  diameter  at  six  feet 
above  the  ground,  but  this  is  without  the  thick  bark, 
which  would  bring  it  to  27  feet  w^hen  alive.  A  consider- 
able portion  of  this  tree  still  lies  where  it  fell,  and  at  130 
feet  fi*om  the  base  I  found  it  to  be  stil!  12|  feet  in  diameter 
(or  14  feet  with  the  bai'k),  while  at  the  extremity  of  the 
last  piece  remaining,  215  feet  from  its  basCj  it  is  six  feet  in 
diameter,  or  at  least  seven  feet  with  the  bark.  The  height 
of  this  tree  when  it  was  cut  down  is  not  recorded,  but  as 
one  of  the  living  trees  is  more  than  360  feet  high,  it  is 
probable  that  this  giant  was  not  unich  short  of  400  feet 

In  the  accompanying  photo- j>late  the  dead  tree  in  the 
centre  is  that  from  which  the  bark  was  stripped  which  was 
erected  in  the  Crystal  Palace  and  unfortunately  destroyed 
by  fire.  It  is  called  the  "  Mother  of  the  Forest"  The  two 
trees  nearer  the  foreground  are  healthy,  medium-sized 
trees,  about  15  feet  diameter  at  6  feet  above  the  ground. 

The  huge  decayed  trunk  called  "  Father  of  the  Fore»t/* 
which  has  fallen  perhaps  a  century  or  more,  exhibits  tha 
grandest  dimensions  of  any  known  tree.  By  measuring  its 
remainB,  and  allowing  for  the  pit»babte  thickness  of  the 
bark,  it  seems  to  have  been  about  35  feet  diameter  near 
the  ground,  at  90  feet  up  to  15  feet,  and  even  at  a  height  of 
270  feet  it  was  9  feet  diameter,  It  is  within  the  hollow 
trunk  of  this  tree  that  a  rnao  on  horseback  C4in  ride- 
both  man  and  horse  being  rather  small ;  but  the  dimen- 
sions undoubtedly  show  that  it  was  considemblj^  larger 
than  the  **  Pavilion  tree,"  and  that  it  carried  its  huge 
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dimensions  to  a  greater  altitude ;  and  although  this  does 
not  prove  it  to  have  been  much  taller,  yet  it  was  in  all 
probability  more  than  400  feet  in  height. 

Yery  absurd  st^itornents  are  made  to  visitors  as  to  the 
antiquity  of  these  trees,  three  or  four  thousand  years  being 
usually  given  as  their  age.  This  is  foundetl  on  the  fact 
that  while  many  of  the  large  Sequoias  are  greatly  damaged 
by  fire  the  large  pines  and  fii^  around  them  are  quite 
uninjured.  As  many  of  these  pines  are  assumed  to  be 
near  a  thousand  years  old,  the  epoch  of  the  *'  gre^t  fire  " 
is  supposed  to  be  earlier  still,  and  as  the  Sequoias  have 
have  not  outgrown  tho  fire-scars  in  all  that  time  they  are 
supposed  to  have  then  arrived  at  their  full  growth.  But 
the  simple  explanation  of  these  trees  alone  having  suffered 
so  much  from  fire  is^  that  their  bark  is  unusually  thick, 
drj^,  soft,  and  fibrous,  and  it  thus  catches  fire  more  easily 
and  burns  more  readily  and  for  a  longer  time  than  that  of 
the  other  conifene.  Forest  fires  occur  continually,  and  the 
visible  damage  done  to  these  trees  has  probably  all  occurred 
in  the  present  century.  Professor  C*  B*  Bradley,  of  the 
University  of  California,  has  carefully  counted  the  rings  of 
annual  growth  on  the  stump  of  the  "  Pavilit>n  tree,"  and 
found  them  to  be  1,240;  and  after  considering  all  that  ha^ 
been  alleged  as  to  the  uncertainty  of  this  mode  of  esti- 
mating the  age  of  a  tree,  he  believes  that  in  the  climate 
of  Califoniia,  in  the  zone  of  altitude  where  these  trees  grow, 
the  seasons  of  growth  autl  repcM^e  are  so  strongly  marked 
that  the  number  of  annual  rings  gives  an  accurate  result. 

Other  points  that  have  been  studied  by  Professor  Brswiley 
are,  the  reason  why  there  are  so  few  young  trees  in  the 
groves,  and  %vhat  is  the  cause  of  the  destruction  of  the  old 
trees.  To  take  the  last  point  first,  these  noble  trees  seem 
to  be  singularly  free  from  disease  or  from  decay  due  to  old 
age.  All  the  trees  that  have  been  cut  down  are  solid  to 
the  heartland  none  of  the  standing  trees  show  any  indica- 
tions of  natural  decay.  The  only  apparent  cause  for  their 
overthrow  is  the  wind,  and  by  noting  the  direction  of  a 
large  number  of  fallen  trees  it  is  found  that  the  great 
majority  of  them  lie  more  or  less  t^wai'ds  the  south. 
This  is  not  the  direction  of  the  prev'alent  winds,  but  many 
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m  the  tallest  trees  lean  towaixls  the  south,  owing  to  the 
increaseil  growth  of  their  topmost  branches  towards  the 
sun.  They  are  then  acted  upon  by  violent  galeSj  which 
loosen  their  roots,  and  whatever  the  direction  of  the  wind 
that  finally  overthrows  them,  they  fall  in  the  direction  of 
the  overbalancing  top  weight.  The  young  trees  grow 
iry  and  perfectly  upright,  but  so  soon  as  they  overtop  the 
urrounding  trees  and  get  the  full  influence  of  the  sun 
and  wind,  the  highest  branches  grow  out  laterally,  killing 
thosti  beneath  by  their  shade,  and  thus  a  dome-shaped 
top  is  produced.  Taking  into  consideration  the  health  and 
vigour  of  the  largest  trees,  it  secins  probable  that,  under 
favourable  conditions  of  shelter  from  violent  winds  and 
from  a  number  of  trees  around  them  of  nearly  e<jual 
height,  big  trees  might  bo  produced  far  surpassing  in 
height  and  bulk  any  tnat  have  yet  been  discovered.  It  is 
to  be  hoped  that  if  any  such  are  found  to  exist  in  the 
extensive  groves  of  these  trees  to  the  south  of  those 
which  are  alone  accessible  to  tourists,  the  Califomian 
Government  will  take  steps  to  reserve  a  considerable  tract 
containing  them,  for  the  instruction  and  delight  of  future 
geneniti()ns» 

The  scarcity  of  young  Sequoias  strikes  every  visitor,  the 
fact  being  that  they  are  only  to  be  found  in  certain 
favoured  sfxits.  These  are,  either  where  the  loose  debris 
of  leaves  and  branches  which  covers  the  ground  has  been 
cleared  away  by  fire,  or  on  the  spots  where  trees  have 
been  uprooted.  Here  the  young  trees  grow  in  abund- 
ance, and  serve  to  replace  those  that  fall  The  explana- 
tion of  this  is,  that  during  the  long  summer  drought  the 
l*>osc^  surface  debris  is  so  dried  up  that  the  roots  of  the 
seedling  Sequoias  perish  befiire  they  can  ]>enetrato  the 
earth  beneath.     They  require  to  germinate  on  the  soil 

pitself  and  this  they  are  enabled  to  do  when  the  earth  is 
amed  up  by  the  fall  of  a  tree,  or  where  a  fire  has  cleared 

^off  the  debris.    They  also  flourish  under  the  shatlc  of  the 

huge    fallen  trunks   in  hollow  places,  where  moisture  is 

preserved  throughout    the  sumtuer.      Most  of  the  other 

conifers  of  these  forests,  especially  the  pines,  have  much 

I      larger  seeds  than  the  Sequoias,  and  the  store  of  nourish- 
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ment  in  these  more  bulky  seeds  enables  the  young  pknte 
to  tide  over  the  first  summer's  drought  It  is  clear, 
therefore,  that  there  are  no  mdicatiuDS  of  natural  decav 
in  these  forest  giantj^.  In  every  stage  of  their  growth 
they  are  vigon*ius  and  healthy,  and  they  have  nothing  to 
fear  except  from  the  destn>ying  hand  of  man. 

Destruction  from  this  cause  is,  however,  rapidly  diminish- 
ing both  the  giant  Sequoia  and  its  near  ally  the  noble 
redwood  {Sequoia  scmpcrmr^ns),  a  tree  which  is  more 
beautiful  in  foliage  and  in  some  other  respects  more 
remarkable  than  its  brother  species,  while  there  is  reason 
to  believe  that  under  favoumble  conditions  it  reaches  an 
equally  phenomenal  size.  It  once  covered  almost  all  the 
coast  ranges  of  central  and  northern  California,  but  has 
been  long  since  cleared  away  in  the  vicinity  of  San 
Francisco,  an<l  gi^eatly  diminished  elsewhere.  A  grove 
is  preserved  for  the  benefit  of  tourists  near  Santa  CniK, 

feet  high,  29  feet  diameter 
at  6  feet  above  it*  One  of 
trunk  is  here  figured  from  a 
trees,  however,  exist   in   the 


the  largest  tree  being  206 
at  the  ground,  and  15  feet 
these  trees  having  a  triple 
phot<>graph.     Much   larger 


great  forests  of  this  tree  in  the  northern  part  of  the 
State,  but  these  are  rapidly  being  destroyed  for  the 
timber,  which  is  so  good  and  dumble  as  to  ho  m  great 
demand.  Hence  Californians  have  a  stiying  that  the  red- 
wood is  too  good  a  tree  t-o  live.  On  the  mountains  a  few 
miles  east  of  the  Bixy  of  San  Francisco,  there  are  numbers 
of  patches  of  young  redwoods  indicating  where  large  trees 
have  been  felled,  it  being  a  peculiarity  of  this  tree  that  it 
sends  up  vigorous  young  plants  from  the  roots  of  old  ones 
immediately  around  the  hasie..  Hence  in  the  forests  these 
trees  often  stand  in  groups  arranged  nearly  in  a  circle, 
thus  marking  out  the  size  of  the  huge  trunks  of  their 
parents.  It  is  from  this  quality  that  the  tree  has  been 
named  '*  sempervii-ens  "  or  ever  fionrishing.  Dr.  Gibbons, 
of  Alameda,  who  has  explored  ail  the  remains  of  the 
redwood  forests  in  the  neighbourhood  of  Oakland,  kindly 
took  rae  to  see  the  old  burnt-out  stump  of  the  largest  tree 
he  had  discovered.  It  is  situated  about  1,500  feet  above 
the  sea^and  is  34  feet  in  diameter  at  the  ground.     This 
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is  as  large  as  the  very  largest  specimens  of  the  Seq^toia 

gigmUea^wi  it  may  have  spread  out  more  at  the  base  and 
have  been  somewhat  smaller  above,  though  this  is  not  a 
special  characteristic  of  the  spcciGs.  Many  other  stumps 
were  seen  which  were  20  and  SO  feet  in  diameter,  and  all 
were  surrounded  with  young  trees  of  various  sizes.  The 
large  tree  is  said  to  have  been  cut  down  forty  years  ago. 
It  is,  therefore^  probable  that,  in  the  forests  to  the  north- 
ward, redwood  trees  may  exist  equalling,  if  not  surpassing, 
the  " big  trees"  themselves. 

I  have  now  concluded  a  very  brief  and  imperfect  sketch 
of  the  more  prominent  aspects  of  North  American  vegeta- 
tion, as  seen  during  a  single  summer  s  tnwel  across  the 
continent.  Many  grand  and  beautiful  scenes  remain 
vividly  painted  on  iny  memory ;  but  if  I  w^ere  a^ked  what 
most  powerfully  impressed  me,  as  at  once  the  grandest 
and  most  interesting  of  the  many  wonders  of  the  Western 
world,  I  should  answer,  without  hesitation,  that  it  was  the 
two  majestic  trees,  some  account  of  which  I  have  just 
given,  together  with  the  magnificent  and  beautiful  forests 
in  the  heart  of  which  they  are  found.  Neither  the 
thundering  waters  of  Niagara,  nor  the  sublime  precipices 
and  cascades  of  Yosemite,  nor  the  vast  expanse  of  the 

Srairies,  nor  the  exquisite  delight  of  the  alpine  flora  of  the 
locky  Mountains — none  of  these  seem  to  me  so  unique  in 
their  grandeur,  so  impressive  in  their  display  of  the  organic 
forces  of  nature,  as  the  two  magnificent  '*  big  trees "  of 
California,  Unfortunately  these  alone  are  within  the 
power  of  man  totally  to  destroy,  as  they  have  been  already 
partially  destroyed.  Let  us  hope  that  the  progress  of  true 
education  will  so  develop  the  love  and  admiration  of 
nature,  that  the  possession  of  these  altogether  unequalled 
trees  will  be  looked  upon  as  a  trust  for  all  future  genera- 
tions, and  that  care  will  be  taken,  before  it  is  too  late,  to 
preserve  not  only  one  or  two  small  patches,  but  some  more 
extensive  tracts  of  forest,  in  which  they  may  continue  to 
flourish,  in  their  fullest  perfection  and  be4iuty,  for  thou- 
sands of  years  to  come,  as  they  have  flourished  in  the 
past,  in  all  probability  for  millions  of  years  and  over  a  far 
wider  area. 
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CHAPTER  XI 


■'THE   PAIijEARCTIC   AND   NE ARCTIC    REGIONS   COMPARED   AS 
W  REGARDS  THE  FAMILIES  AND  GENERA  OF  THEIR  MAM- 

I  MALI  A  AND  lilUDS 

In  a  paper  read  before  the  Cambridge  Natural  Science 
Club  on  March  12  (and  printed  in  Nature  of  April  26, 
1894)^  I  disc!issed  tho  question  of  the  nature  and  uses  of 
Zoological  RegionB,  and  arrived  at  the  conclusion  that,  in 
order  to  secure  the  maxiinum  of  utility,  it  is  essential  to 
have  only  one  set  of  regions  for  all  groups  of  land  animals ; 
and,  fuither,  that  the  six  regions  established  by  Dr.  P.  L. 
Sclater  are  the  moat  natural  and  convenient,  and  are  best 
adapted  to  facilitate  the  comparative  study  of  distribution, 

»  which  m  the  main  purpose  for  which  Zoological  Regions, 
as  distinct  from  the  ordinary  geographical  divisions  of  the 
globt^  have  been  estabHsheu. 

These  regions  were  at  first  generally  adopted ;  but  of 
late  years  many  eminent  naturalists,  both  in  America  and 
Europe,  have  proposed  other  divisions,  though  hanily  any 
two  of  these  agree  with  each  other.  The  most  important 
modification,  and  that  which  has  been  adt>pted  by  several 
zoologists  both  WA  regards  mammals  and  birds,  is  to  unite 
the  Palsearctic  and  Nearctic  Regions  so  tis  to  form  one 
nevir  region,  coextensive  with  the  extratropical  Northern 
Hemisphere.  This  new  region,  which  has  been  termed 
the  Holarctic,  is  said  to  be  more  nearly  equal  to  the  other 
regions  as  regards  peculiar  genera  and  families,  and, 
therefore,  to  form  part  of  a  more  natural  and  harmonious 
series  than   if  we  treat  the    two  component  parts  aa 
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fii'paiute  regions.  It  is  this  one  question  onlj  that 
I  propose  to  discusa  in  the  present  chapter;  whether 
the  Palsearctic  and  Nearctic  Regions,  as  defined  by 
Sclater,  present  so  many  resemblances  and  so  few  differ- 
ences that  they  can  be  reasonably  considered  to  fonn 
one  region  as  homogeneous  as  are  most  of  the  other 
rB^ons. 

The  reas<m  why  so  much  difference  of  opinion  exists  on 
this  point,  when  the  very  same  facts  are  before  all  the 
enquirers,  seems  to  be  that  they  tre^t  the  facts  in  different 
way^.  In  the  first  place,  it  appears  to  me  that  far  too 
much  stress  is  laid  upon  the  comparatively  small  number 
of  absolutely  peculiar  genera  or  families  in  the  two  tem- 
perate regions.  That  may,  or  may  not,  be  a  reasonable 
^jund  for  fleciding  that  the  regions  in  question  are  not 
of  equal  rank  witn  some  other  regions;  but  it  cannot 
justify  the  union  of  the  two  areas  unless  it  can  be 
shown  that  they  are  to  a  large  extent  homogeneous^ 
that,  in  fact,  the  resemblances  are  more  numerous  and 
more  important  than  the  differences.  In  the  areas  we 
are  discussing,  however,  this  is  decidedly  not  the  case, 
since  the  facts  clearly  show  that  the  dift>5rence8  very  far 
surpass  the  resemblances — that  the  differences  are,  in 
feict,  fundamental,  and  are  fiir  greater  than  can  be  found 
in  the  separate  halves  of  any  of  the  other  regions,  unless 
they  are  so  divided  as  to  be  very  unequal  in  area  or  to 
present  very  great  diversity  of  climate*  But  the  Pahi^arctic 
and  Necrotic  Regions  are,  roughly  speaking,  equal  in  area, 
while  they  both  exhibit  the  very  same  range  of  climate. 
Any  difference  that  exists  between  them  must,  therefore, 
be  due  to  more  fundamental  causes ;  and  the  most  funda- 
mental cause  is*  that  in  each  case  the  existing  fauna 
is  descendetl  from  an  ancient,  equally  distinct,  fauna, 
modified  in  different  ways  by  immigration  from  adjacent 
areas, 

In  dealing  with  any  question  of  this  kind,  it  is  very 
important  that  the  genera  and  family  groups  adopted  shall 
be  the  same  as  far  as  possible  throughout  the  whale  area. 
In  order  to  ensure  this,  I  have,  for  mammalia,  adopted 
those  of  Flower  and  Lydekker  in  their  Mammah  Living 
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aTui  EoiiiicL  In  the  case  of  the  birds^  1  am  indebted 
to  my  friend  Mr.  H,  E.  Dresser,  both  for  completing  his 
Lid  of  EuTii^Kmi  Birds  so  as  to  include  those  of  the 
wholo  Paltvarctic  region,  and  also  for  so  harmouiBiBg  his 
genera  with  those  of  the  -/I.  0.  U.  Chi-ck  List  of  North 
American  Birds  as  to  combine  the  whole  into  a  single 
series.  As  Mr,  Dresser  has  mode  a  study  of  North  Ameri- 
can birds  AS  well  as  of  those  of  the  Pal  spare  tic  Region  with 
which  his  name  is  more  especially  associated^  the  result  is 
probably  as  fair  and  unbiassed,  for  the  comparison  in 
question,  as  can  be  airived  at.  In  the  case  of  both 
regions,  I  have  rejected  all  those  genera  in  which  a  single 
species  only  just  enters  the  region  from  the  adjacent 
region  to  which  H  properly  belongs.  Here,  again,  there 
is,  of  course  J  room  for  difference  of  opinion ;  but  the 
doubtful  cases  are  not  sufficiently  numerous  to  introduce 
any  important  uncertainty  into  the  rt^sult. 

For  both  mammals  and  birds  I  adopt  the  mrao  system 
of  presenting  the  facts  which,  after  much  conBideration 
and  many  trials,  seems  to  me  to  be*  the  best.  The  families 
and  genera  are  arrang^  in  three  colunms — the  first  giving 
those  which  are  Paltearctic  but  not  Nearctic;  the  third 
.  those  that  are  Nearctic  but  not  PaUeamtic ;  the  middle 
^B  tK>lumn  giving  those  which  are  common  to  the  two  regions 
^"  ^so  that  by  combining  this  with  either  of  the  others  we 
I  obtain  the  entire  fauna  of  that  region.  The  results  are 
I  then  summarised  in  other  tables  and  briefly  discussed. 
\     We  begin  ^vith  the  mammals : — 

^MAMMALS  OF  THE  PAL/EARCTIC  AND  NEARCTIC  REGIONS. 


PAI-KAHCTIC 


Borru  REGIONS, 


1.  KhLnolopliitA. 
IL  HitrpyiiJeephiilujL 


4.  Nyciinunmjiig 


NEJtBCTlC. 


VltHfKIITlLlOltDl^C  % 

4.  MiU3^tuiu 


^^F 

^^^^^^1 

^^L 
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^^^V                    FAL^ARCTIC 

BOTH  BSOIONS. 

KEABCftCL              1 

lilBKTIVOHA. 

J 

^^^^^          tkiiin:i  DM  (Shrew*) : 
^^^^^               5.  CnHisc»|Hifl. 

Saitteitije : 
*.  Sons*. 

A.  NediKifttiL.          ^H 

^H                      JO,  Mycijjidc. 

6,  Urotrichiw. 

^^^ 

CAltNIVOIU- 

^^1                  ViVieiiHm.K  (CltflU>L 

Fl£Lll>.«  CGBtBjt 

11.  BasfiarlM. 

CA$rti>4!(Wolvvii): 

U«HliiJ£<Hflarpi)^ 

1 

lU.  LMtni(Ott9r). 

11.  MuftUln, 

12.  Gulo  (Glutton). 

13.  H«3plilti>CakuTikX     1 

14.  TiL^kloii.                        I 

H 

TmcHwuiDA  (W^ltUB) ; 
IS.  Trl€bf»fauii. 

15.  OUaU,         ~— ^^H 

^^^^^              17.  Mc»;]achiuu 

14.  Phocn. 

Itt.  Macrorbiniu.            ^ 

^^^^^          Suit**  (Swine) : 

UWOlfLATA. 

Dlc?o'n"iJl>jE(Ptooc*rl*i)r     1 
17.  Dl<>oeyl<u,                   1 

^H                    la  Muiobun  (MuAk  di»r). 

n.  Ru^Br<H«itidiMirK 

18.  Qirkcun,           ^H 

AyrriLOCAi'itiDJij : 
10.  Aiitllocmpm(PWrtig. 
lm(rn> 

^H                               21}.    HAlgil. 

^H                      31.  PontbalapB. 
^H                     as.  Ori£«llii. 

^^H                        S4.   Ri|pLi:apiu« 
^B                       25.  Uuaoroiik 

Son0*: 
30.  nomiOiuml 

to.  Hapl«»ertu(Ameri. 

21.  Onboa  (liuAk- 
Sheop). 

^H                     i?.  Equiu. 

* 

^ 

P_                            J 
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PALMMXmC, 

BOTH  BiatoNa. 

VmrtUkTA—inQntiiiurtl) ; 

NSARCTIC. 

fe. 

SIS,  TiitDLu. 

3i,  Soiuruiittsnis. 

S4.  Aretomy-tHiwTOwUX 

'J2.  Cjnoipyft. 

H^"'' 

96.  Omtor. 

HAPLOODONTmJt: 

:!».  Hapluudcm. 

31.  GerbiUuii. 
an.  AauiUioiiiya. 

^.  Arvieola. 
m  Cuoicalui. 

24.  HeapcroniyA. 
■JG.  ^SUpnixluii. 
m,  <Jdictodfja. 
iT.  Ifootoiaa. 

ai.  Nuafiber. 

GlioH  VI  n  j;  (Pouched 
31*.  Geomyft. 

^ 

' 

30.  HrulnLjtitu. 
4Q.  IMpuiL 
41.  AlutvgL 
41  FhlycvrDmjs. 

HvimitiiD^i  (Porcuptiie) : 

4a.  Hrrtrix. 

511.    L«l^UH. 

Looking  through  thet  preceding  lists,  we  find  a  remark- 
able divergence  in  the  chamcteristic  groups  of  the  two 
regions.  Out  of  filleon  genera  of  Inseetivora,  only  two  are 
common  to  both  regions  j  an  amount  of  difference  which, 
if  it  occurrL^d  among  larger  and  better  known  animals^ 
Would  produce  a  striking  uSect  of  diversity.     In  the  Car- 
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nivora  there  is  a  much  smaller  praportion  of  peculiar 
genera^  bat  this  la  to  soiiie  oiLtent  counterbalanced  by  each 
region  posacsaing  two  families  absent  from  the  other. 
Ungulata,  agaiiit  show  considemble  diversity,  the  Palse- 
arctic  Region  possessing  ten  genera  and  the  Nearctic  five 
which  are  not  found  in  the  other  Only  five  genera  are 
common  to  both,  and  of  these  five,  two,  Rangifer  and 
Alces,  are  arctic,  while  two  others,  Ovis  and  Bos,  have  one 
species  each  in  the  Neai-etic  Eegiun  against  about  thirteen 
between  them  in  the  Paljeearctic.  The  Rodents,  again,  have 
only  eleven  genera  common  to  both  regions,  white  the 
PalaBarctic  has  sixteen  and  the  Neai-ctic  seventeen  which 
are  not  found  in  the  other  region. 

The  following  summary  will  enable  us  to  see  the  total 
amount  of  similarity  and  difference  :~ 


SUMMAKY  OF  DI8TRIBUTI0N. 


UHTIBMh                 j 

-FAjmujtu.- 

~        "^ 

^ — 

>V,  of 

trtjtrm. 

Patimfttic. 

Botk.  Nearetie. 

Pahvant 

ir.  JSWft. 

Iftarritt, 

CbdrDiitflm    ... 

11 

3 

1 
0 

4 
2 

4 
5 

Ctamirum 

22 

0 

2 

fi 

V 

7 

Utigiiljita 
Bodontift 

20 

2 

2 

1(1 

5 

5 

44 

2 

li\ 

11 

17 

Mftmuplftllfl    ,„ 

1 

0 

I 

0 

a 

I 

...      IIH 

8 

1» 

» 

^4U 

m 

S9 

Totai  Gfliujt-,1  ,. 

_ 

_ 

_ 

U 

"tt 

Totttl  Fiimilltii 

IT 

27 

Here  we  see  that  in  both  the  regions  the  number  of 
genera  Twt  found  in  the  other  largely  exceed  those 
common  to  both,  the  proportion  of  the  total  genera  thus 
limited  being  58  per  cent,  in  the  Paljearctic,  and  56  per 
cent,  in  the  Nearctic  Region ;  while  in  each  case  out  of  a 
total  of  27  families  no  less  than  8  are  so  limited.  If 
we  compare  this  amount  of  diversity  with  that  between  M 
the  Ethiopian  and  Orientiil  Eegions,  we  shall  find  that^  ■ 
while  as  i^egarda  genera  it  is  somewhat  less,  as  regards 
families  it  is  cunsiderably  greater.  In  the  Oriental  Re- 
gion  out  of  a  total  of  abuut  72  families  of  manmials  only  S J 
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are  not  Ethiopian ;  while  in  the  Ethiopian  region 
out  of  about  74  familitjs  only  10  are  not  Oriental  No 
doubt  these  two  rcgiona  arc  those  which  most  resemble 
ijach  other,  and  they  have  been  united  by  sorae  natumlista, 
but  they  are  now  generally  admitted  to  be  mifficieutly 
distinct  to  be  classed  as  sejjarate  rcgiona.  Great  w^eight 
has,  however,  always  been  given  to  the  possession  of 
peculiar  families ;  and  for  the  s^ime  reason  the  fiict  that 
nearly  one- third  of  the  families  in  the  Paloearctic  and 
Nearctic  regions  respectively  are  7iot  found  in  the  other, 
indicates  a  fundamental  diversity  that  rendei^  their  union 
into  one  region  quite  inadmissible. 

We  will  now  tabulate  the  birds,  in  which  the  amount 
of  diversity  is  much  larger  as  regai"ds  genera,  and  equally 
as  large  as  reganis  families  i — 


LAND  BIRDS  OF  THE   PAL.*: ARCTIC   AND  NE ARCTIC 
RKOIUNS. 


PA  L^  ARCTIC. 

1.  HcMiUcola  (4  ni.)^ 

5.  Mytopliuufliifl  (li 

6.  Riituilln  O  ,1 

»*  K  .1. 

11,  CiiaajpbJi  (I), 

12.  Ni;Diiifm(]). 
IS.  DftiiliM(2V 
14,  StIvUOH), 

1^,  MellEopbUiiJt  {2). 
IB.  t*hyUoticiip.i»  (lti>. 
17.   Hxp<  »1iiLii  (K). 

19.  Acrocophiaiui  (lOK 

SU  LocunWlU  (H), 
S2.  C«UtK  (4). 

30.  Arg^niiil 

2f7,  R!ici|Hi]>hiIrfs  m. 

48.   fV'     ■• 

SO.    (I  .(1(2). 


SK  A<!c«ntvr<U). 
VOL,    L 


TrRDiDjK: 
1.  TurdiM  (?.  21  *v* 

S.  I^l^iii  (1)  <=aniiMlnk 

a/ HoguliJii  (P.  at  ap. 


NBAHCTIC. 

TuilIiID.4C  IT- 

4.  Mij-adHtw  (1), 


4*  Ci»JcliiB{4.1). 


^^H 

^S9 

^^^^^^^^^H 
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PAI^EAROTia 

BOTH. 

PAjriJiHn^]  (Hefkrdcd  Tlta)  t 

^^H 

32.  l>iwmnm<l). 

^^H 

I'hMDM  (Tltnii*?c)  ■ 

FAjtmrni 

33.  LejitoiKiKlluj*  (2). 

6.  Ptinw  (3*1, «), 

6.  OUkiQti^     {12}    <«ub.  ■ 

fimi).                              I 

ari  J*ythrmi<l). 

7.  ACTeduJA  (7)  = 

%G,  JEgitliMlME  <4K 

J 

CcHTKtrn^  (Creepcra)  i 

Ckbthiid^  ■ 

^^H 

ST,  TicbodnJuaA  (1). 

9.  CtrthlaCll). 

^^B 

T«p*ii.oDmn*  (Wren*) : 

T»*wt;Cit>YrM>^:               1 

m.  Tmglodftm  (OJ), 

0,  Ontotlioniji  (3),          1 

7.  Thryothnrn*  (3>.        ■ 

8.  Cnthcrpfti  CU            1 

MoTACTLUfnjt  (WnfftwUs) ; 

MoTACiLi.rD,K  : 
lU  A«thiLBtl4.2)L 

10.  liATporiiyii^UBffll 

12.  Miiiiuji(li                  J 
IS.  Dro«aopt4M  (1^          ■ 

CRATinnpotJlDjIlf 

BlNtori^TJU^  (Wood          1 

40.  Z*MiUropi(2> 

Warblsnltl 

H.  Mnirvtllta  (1).             ■ 

OnjULiD^  (t  >ri^lcft)  t 

1&.  Prot-iiuutarift  (1).        fl 

41,  tjriolm  (2) 

17.  Hdnilthtiniis  (t).        " 

18.  Hcliiiiiifh..iihila(fi) 

19.  CoruiR?oihlji*i*  {2^ 
'M  Ik'iulrviciv  <'i4K 
21.  Wcfunift(3)L 

23.  ktcrU(l)L 

24.  Sylv»iiU  (S), 

25.  Sot4jrjliim»  <l»l 
2fi.  cWemirndt 

4S.  Miurfflnpafe). 

12.  r.4niiu  (22.2). 

27,  Vlrt<,h3). 

48.  HsmlchflUdD}]  (l)t 

i4,  AJ»cm«i(l)u 

Akfrlida  (WatwtoBit) : 
IB.  AmpsliftC3.5r). 

Amwwui^Mt 

UinLTimnvTDA  (SwbUhwi)  : 

BmvmnmtiMt 

IftncspiMip* : 

40.  ChDtldoibOX 

U.  Hlnindo  (S)  (= 
ChdkWj(l)- 

2y.  Ptogno(i). 

16.  Cbdlo  fS)  (= 

Clkcobi(l). 

31.  TtcWiMtAta). 

TANAiiHitiiB  CTmugQiv)  I 
33.  Fimnga  (4). 

FmtmiiMWM  <Fliieh©ii> : 

P'hutoiujda: 

FRiNQJr.iJD.t : 

47,  Ciirtlinjllft  C2). 

lik  iJi^rymaanitrMa  (2)= 

JK.  Rliyiu'oi.lwuna  (1)» 

48.  »oHtiua(4). 
411.  OslorlB^S). 

ir*  Oooc^raufitM  (1.1) 

30.  Aidimjilnimua  (11  > 

£©»  FaiBur  (IS). 

18,  Linotft      (7>       = 
20.  nnlcolaCLl). 

3T,  OitnHlrJtt^s  t\% 

&L  Sopbimn  ca). 

as.  ZoiiotTiehtft  (6). 

fiS,  PycnoThaniiiliiiB  0)v 

S9.  8piJMJllft<7> 

M.    PfefcTOlliA(2). 

40.  JuiHXj  (7). 

54.  MontifTingiUAiT'^ 

SI.  ljti»ia  C6.i;> 

41.  Aini^hiaptjai  (2> 
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&i>.   l*yTThttk  (7), 


m.  OarUii]AUda(f)w 
ia^  G*1arlta(fX 

Cbluidnlltt  (0). 
€7.  M QlntaaooryphJi  (<•). 

KK  BCiiniiiJi  (4). 
70.  11wt4>rtU 

CiinniJ^  (Crown): 
73-  PfjdiKVA  (4). 
74*  PyiTlnLUL'utiiJt  (:i). 

7<1.  L>»iiuplca  in 


41IJB  (Swfrtu). 

|7T.  AtanthyLllA  (1), 


LUy  GtpiiinulguA  (i). 


BOTH. 

P»tNOi  LU  t}4t— (eeitf  tnttftf) 
2%  Pl«otrDphan«€  (2)=- 

^  l/cMt.'Ciitlete  (5.3J. 


I 


44*  Otoeofy*  (4.1), 


r*.  Kiiclfrnga  (1>  = 

3lJ.  P^HnofeUB  (l/i> 

27,  IMcuaa), 

'iS.  CurviiaOI.ft> 


Mlcrojsua  (1). 


NBAJKTTta 

42.  Pe4lcMl(^X 

43.  Melfr«pij»(4V 

*b,    flpflD4(})w 

46.  GBTdlnikliii  (I). 

47.  H*bl«(^X 
4B.  Q^mm  (t> 


i(4ji 

fio,  apl^  (IX 

tcTUti£»Jg  (AioQriciui 

StAdliitp) ; 

H.  3£uithocetiMiiiB(l)t 

JU.  AgvlftiuiiISX 

W.  eturoellB  (IX 

67.  Icterus  (SX 

as.  BoolecophjunM  (SX 

W.  Qu1ac»1ii«0X 


40.  pjmiKietttft  (SX 
fil.  AfihakK»tiw  <3lX 


,    Tyiuotidjic  (Ttnmt- 

44,  TVmtmiiit(4X 
eL  lfj1r»dytiJ»*toft(]X 

66.  M|lAn.hii«(SX 

67.  Sa^miitt{SX 
6fl.  C<mtcitiUK(4X 
61),  Bm]viaouaic  (7X 
TO.  PyTtMJcpJiftlfti  OX 

I       n.  Omlthlou(lX 

73,  Cypieloldod  (IX 
73.  CbNitumriX 

i    CaI'SIVL'uiiiiji  : 

T4*  AtitrtMitoBiuf  {2X 
75.  ni»lKlio|itiliii  OX 

E  2 


di 
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BOTH. 


Uldi) 


• 

iciDM  (Woodpeckers) : 

79.  Dnrooopus  (21 

80.  Oecinu>(6X 

81.  lugipicus  (8X 

82.  Jynx(lX 

Picidje: 
30.  Picu«08)  = 

I>r7obates(5X 
81.  PicoidesO-S)- 

86.  CciapuiW 

LCBDiNTDJC  (Kingftahen) : 
88.  Aloedo(l). 

Alcbdinidjr  : 
32.  Ccrylo(2.2X 

84.  Halcyon  (2X 

Ck)RACiADiB  (RoUen) : 
86.  Coracia8(2X 

MxROPiDiE  (Bee  eaten) : 

86.  Meropfl(8). 

Upupid^  (Hoopoes) : 

87.  Upupa(l). 

CucuLiDiis  (Cuckooe) : 

88.  Ciicuiii8(4). 

89.  Hierucuccyx  (2). 

90.  CoccyBtes  (1). 


BuBONiDiK  (Homed  owls) : 

91.  Niuox(l). 

92.  Athene  (3). 


VrLTURiDifc  (Vultures) : 
98.  0>'p8(2X 

94.  Vultur(lX 

95.  Neophron  (1). 

96.  Oypaetus(l). 

FALOONiDiB  (Falcons) : 

97.  Clrcaetus(lX 

98.  Nisaotus  (2). 

99.  MUvu8(4). 
100.  Pemls  (IX 


Strioid^  (Bam  owls). 

33.  8trix(l.l). 

BlTBONIDiK  : 

34.  Asio  (1.2). 

36.  Hyraium  (4)  =  Uluh 

(8). 
30.  Nyctoa(l.l). 

37.  8umia(2.1). 

38.  NyctaU(1.2). 

3t).  Scops  (4)  =  Megas- 
cops  (2> 

40.  Bubo  (4.1). 

41.  Glaucidium  (1.1). 


FALCONIDiC  : 

42.  Circus  (6.1). 

43.  Buteo(5.7). 

44.  Arehibuteo  (2.2). 

45.  Aquila(7.1). 

46.  Hallwttui  (8.1). 

47.  Astur(2.1). 
4&  Accipiter  (4  2X 

49.  BbuiUB  (I.IX 

50.  Falco(17.8X 

51.  Pandion(l.l) 


CucuLiDiic : 

87.  Coocynui(2). 

88.  Geococcyz(lX 

89.  Crotophaga  (1). 

PsiTTAciDiK  (Parmts) : 

90.  Cunuru8(l). 


BuRoyiDvC : 
91.  8peot>Tx>(lX 
5»2.  Micratheno(l>. 


CATHARTiDiF.    (American 
Vultures)  : 

93.  PsoudcwrryphuflCll 

94.  Cathartoa  fll        '^ 

95.  Cathariata  0  )l 

FALCONIDiC  : 

96.  Elanoides  (11 

97.  IctlnU(l). 

98.  Parabuteo(lX 

99.  Urubutinga  OX 
100.  Polybonis(^. 
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FALiBABCna 

CoLvmamM  (Ptgwns) : 
101.  Turtnr^ 


FramocLiDM  (Btsod  grouM) : 
108.  Fterod68(6> 
108.  Byrriiaptaa  (8). 

Pbauahid  Jt  (Fheuanto) : 
104.  PhasiiuiuB  a7)L 

106.  Pucraala(2>. 

106  Chi7M>kmhus  (2>. 

107.  Cro0aoptilon<5\. 

108.  IxmhophoruB  OX 
100.  Ithaginis  (9), 

110.  GaocaUs  (5). 

111.  Fnmcoliniia  (2i 

112.  Peidiz(4>. 
118.  CotumixrsX 

114.  TetraophaBls  (2). 

115.  Tetraog»Uu8  (5X 

TnnAONiDiE  (GrouBo) : 
110.  TetnwtM(81 
117.  Tetno(5). 


TuRNiciDJc    (Kightiiig 
QuaiUi): 
118.  Turnix  (8>. 


BOTH. 

OOLUlfBIDJK: 

68.  Columba O^SX 


Tetraonid.c  : 
58.  Lagopiw  (5.4). 
54.  CauachittiM  (2)  = 
Dondrugapiis  (3) 


NBABcna 


Ck>LU]faii>A: 


101.  JEotoplsteanY. 

102.  Zenaidura  (l). 
108.  0(4umbigamn*(l> 
104.  ScaidafeUaOX 


I    Phahiamida  : 

,      105.  MeleagrUOX 


TXTRAONIDilf : 

lOrt.  CoIin»B(S). 

107.  Oroortyx(2). 

108.  Ganip(^(8) 

109.  Cyrtonyx(l>. 

110.  BonaaaCl). 

111.  Tympanuchus  (2). 

112.  rodlocetes  OX 
118.  CentruGoroua  OX 


By  merely  glancing  over  these  lists  we  see  at  once  how 
greatly  the  genera  in  either  the  first  or  third  column  ex- 
ceeds those  in  the  middle  column.  This  tells  us  that  the 
speciality  of  each  region  in  relation  to  the  other  is  very 
mach  greater  than  their  similarity.  In  order,  however, 
to  bring  out  these  differences  and  resemblances  more 
clearly,  and  to  show  what  they  imply,  the  facts  are  sum- 
marised in  the  following  table  of  the  families,  giving  the 
distribution  of  their  genera  and  species  in  the  same  order 
as  in  the  preceding  lists : — 
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FAMILIES    OF   NORTH    TEMPERATE    LAND    BERDS    WITH 
THEIR  DISTRIBUTION  AS  REGARDS  THE  PAL**:ARCTIC 

AND  NEARCTIC   REGIONS.  ^ 


'TdtftJ 
Gencm. 

FftmiUu. 

TuniJiiw    ..» 

ClncUdHj    .„„ 

Aec^iitaridHe.„***  „ 

I'Hnijrlda _.,. 

Piiiidjfl  .„..._...„. 

B[tt]djB  „ ,,... 

C<>rthild« „„.., 

SO             le£ 

—  4 
1             n 
1              1 

4                  44 

1  A 

—  u 

2  ai 

Both! 

OonanL     %tuiet. 
3                  0 
1                   0 

3                   0 

1                    0 
1                  0 
I                   0 
I                   0 

4                  iT 

1            n 

Trujfltxiytldffl  ...«* 
Motocmidw   ........ 

MuiotUUdM... 

VlTWOTlldll!... 

Cir»t*ratKididiB  f ... 

Orlolidie ,....._ 

Laj>lidn?  ....„,,„.„. 
Ampcl!iliB.„4.,  ..^« 

HuMclcApldie 

HiniiidinidiB 

TajiaetidiB...  »*.-..  ^  „ 
Frtnglllldno.,^...- 
Icrtc-ndie 

*            sa 

13                  M 

1              u 
1             1 

4  7 
1                   4 

IS                  7l> 

5  IS 

1              i 

—                    I 

*            n 
1              11 

J                    0 
3                   1 

1&                MU 

8                   & 

Al«iidldin  ,*..*,«.,„ 
atumldie ». 

C<rTl«lH. «^... 

Ty«tiiild«  „„*».„, 

CypMltdio  .... . 

Caprtnuilgld»»„.,. 

TrtKtillld»._.. 

Kcid«s  ..,.«.,..,«„. 
Alcediuldio  ........ 

CL^riicia»dm  .m.^«,«^ 

Meropjdifi „.» 

Ulmpidw «».., 

7                S^ 

1             ^ 

4                  SO 

1                   1 

4                    2 

H                  14 

»            ss 
:i               4 

3                     4 

i                   11 

8                  4 

1                       H 
I                    4 

4             m 

1                     3 
1                     Ji 
I                     1 

a            r 
-             1 

i              18 
4                  6 

1                    0 

3                    0 
1                    0 

I                   0 
H                   4 

FidttaddB ^ 

StrigtdB,..™ ™ 

Butwrnld^  ,„..*„.^,* 
Vultiiridw  .«.«..«, 
CAthftrtidjB  ,„ 

Ctiliiniliidiv.^  ^ ,« ..  H, 
Ptenx'lldro  ,...„ 

1  I 

2  U 
S                  3 

.)            an 

4                   7 

4                 Al 

IS                  50 
'i                  U 
1                    & 

10                   « 
1                 0 

S                   1 

1 

Tfltn«it!ldiO,„,.,.,».^ 

1                    t 

6                90 

m* 

(-14  r-atiiJilee.) 

lis                747 

fi4           m 

113               3*iT 

TuUI  iii  onrb  n3gioo.,„„„. 

17:2         rlir 

~^^       — ^ 

m         417 

^  tt  must  be  noted  that  the  iiutiibera  in  the  '' Species  ^^  columiis 
repreaent  the  ft^tceie^  which  ar«  ttbacnt  from  the  oth^jr  region,  not  the 
number  of  species  containecl  in  the  '*  genem**  nf  the  preceding  column, 
which  are  the  genera  ahsent  from  the  i>thef  region. 
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The  following  Btatement,  giving  statistics  derived  from 
the  preceding  lists,  will  complete  the  information  neces- 
sary for  a  comparative  view  of  the  relations  of  the  Palse- 
arctic  and  Nearctic  Regions  as  regards  their  land-hirds : — 

The  Palaearctic  Region  has  36  families  of  land-birds. 
Of  these,  12  families  are  not  in  the  Nearctic  Region, 
These  la  families  comprise  22  genera  and  57  species. 

The  Nearctic  Region  has  32  families  of  land-birds. 
Of  these,  B  families  are  not  in  the  Pahearctic  Region. 
These  8  families  comprise  40  genera  and  128  species. 

The  118  Palsearctic  genera  which   are   not   Nearctic 
comprise  472  species. 
I        The    113    Nearctic  genera  which  are  not  Palsearctic 
^K        comprise  282  species, 

^^  The  preceding  lisU?  and  figures  enable  us  to  obtain  a 
i  very  complete  vie^v  of  the  amount  of  difference  that  exists 
'  between  the  avifaunas  of  the  Palasarctic  and  Nearctic 
Regions. 

Considering  first  the  Family  groups,  we  find  that  in  the 
one  case  one -third  and  in  the  other  one- fourth  of  the 
families  of  the  one  region  are  not  found  in  the  other  ;  and 
this  is  an  amount  of  ditference  that  does  not  occur  be- 
tween any  other  two  regions  which  are  conterminous 
with  each  other.  The  most  striking  relation  of  the  Pal^e- 
arctic  and  Nearctic  Regions  is,  therefore,  not  their  re- 
semblance, but  their  dissimilarity. 

Again,  the  12  families  which  thus  differentiate  the 
Palscarctic  Region  from  the  Nearctic  comprise  22  genera 
and  57  species ;  and  among  them  we  find  such  charac- 
teristic  groups  of  the  Eastern  Hemisphere  as  the  accentors, 
the  flycatchers,  the  starlings,  the  vultures,  and  the  sand- 
grouse, — families  entirely  absent  from  the  whole  Western 
Hemisphere. 

The  8  families  which  diffei*entiate  the  Nearctic  Region 
from  the  Palxetircbic  are  even  more  important,  since  they 
contain  40  genera  and  ia8  species ;  and  include  such 
characteristic  New  World  types  as  the  Mniotilfcida?,  the 
Icteridse,  and  the  Tyramiidx*,  containing  between  thein 
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nearly  a  hundred  s])ecies.  Now  as  there  are  only  417 
species  of  land-birds  in  the  whole  Nearctie  Region^  we 
find  that;  between  one-third  and  one-fourth  of  the  whole 
belong  to  fmmlies  which  are  entii'ely  foreign  to  the  PalaR- 
arctic  Region.  It  may  be  confidently  asserted  that  none 
of  the  other  regional  can  be  so  divided  that  the  two  parts 
ehall  show  an  amount  of  difference  at  all  approaching  to 
this*  Yet  it  is  proiK>sed  to  unite  these  two  regions  bc- 
cauae  they  are  not  sufficiently  distinct.  They  are,  however^ 
very  much  more  distinct  than  are  the  Ethiopian  and 
Oriental  Regions,  though  the  former  includes  the  isolated 
and  peculiar  Madagivscar  fauna.  Less  than  one -twelfth 
of  the  Ethiopian  families  of  land-birds  are  not  Oriental ^ 
while  only  one -ninth  of  the  Oriental  families  are  not 
Ethiopian ;  showing  that,  by  this  test  of  the  number  of 
families  which  are  not  found  in  both  regions,  the  Palae- 
arctic  and  Nearctic  eltc  three  times  as  distinct  as  are  the 
Ethiopian  and  Orientfil  Regions. 

If  we  now  consider  the  genera  which  five  characteristic 
of  the  one  region  as  compared  with  the  other,  we  shall 
find  equally  strong  evidence  of  their  diversity.  In  the 
Paliearctic  Region  we  have  120  genera  which  are  not 
Nearctic,  out  of  a  total  of  174;  so  that  a  little  more 
than  two -thirds  of  the  Paliearctic  genera  of  land-birds 
are  quite  unknown  in  the  Nearctic  Rc^gion  ;  and  these 
genera  conUiin  472  species  out  of  a  total  of  767*  In 
other  words,  out  of  evury  5  land-birds  in  the  Palasarctic 
Region,  3  belong  to  gaiera  which  are  not  Nearctic. 

Looking  at  the  same  problem  fi"om  the  other  side  of  the 
Atlantic,  the  results  are  even  more  striking.  Out  of  a 
total  of  167  genera  of  Nearctic  land-bii'ds  no  less  than 
113  are  not  Paliearctic,  the  proportion  being  almost 
exactly  two -thirds.  These  113  genera  comprise  282 
species  out  of  a  total  of  417  species  ;  so  that  again  almost 
exactly  two -thirds  of  the  Nearctic  land-bii'ds  belong  to 
g^Tierd  which  are  not  Palajarctic,  This  is  a  larger  propor- 
tion than  in  the  case  of  the  Paliearctic  Region ;  and 
nothing  can  more  forcibly  biing  before  us  the  fundamental 
diversity  of  the  two  areas  than  the  fact  that,  n  I  must 
erer^j^ where  in  the  Nearctic  Region,  out  of  every  three 
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irrla 


might 


ith, 


ild  be 


mcally 


meet 
known  to  the  student  of  the  Palrearctic  avifauna.  There 
is  probably  no  such  amount  of  diflerence  as  this  between 
any  two  adjacent  regions,  except  perhaps  between  the 
Oriental  and  Australian,  the  latter  admittedly  the  most 
isolated  on  the  globe. 


^_  isolat 


have  now  shown,  by  a  careful  comparison  of  their 
malia  and   birds,  that  the  Paliearetic  and  Nearctic 

igiona,  instead  of  being  so  much  alikt^  that  they  should 
be  united  to  form  a  single  region,  are  really  exceptionally 
distinct.  They  are  cert-ainly  much  more  distinct  than  arc 
the  Oriental  and  Ethiopian  Regions,  and  are  probably 
quite  as  distinct  as  are  any  two  contt.*rminou8  regions, 

I  feel  confident,  the n^ fore,  that  any  naturalist  who  will 
study  the  materials  I  have  here  brought  together  in  a 
form  to  admit  of  easy  comparison,  will  arrive  at  the  con- 
clusion that  the  system  of  Zoological  Regions  established 
by  Dn  Sclater  cannot  be  improved  by  the  union  of  two 
such  fundamentally  distinct  areas  as  are  those  which  he  has 
termed  the  Palmare  tic  and  Nearctic  Regions,  This  con- 
clusion entirely  harmonises  with  the  facts  of  plant-distri- 
bution as  popularly  described  in  the  last  two  chaptei's. 


CHAPTEE  XII 

THE  COLEOPTEHA  OF  MADEIRA  AS  ILLUSTRATING  THE 

ORIGIN  OF  INSULAR  FAUNAS 


The  Coleopterous  fauna  of  the  Atlantic  iiskuds  is  held 
by  some  writers  to  prove  that  the  whole  of  these  islands 
from  the  Azores  to  tht3  Cape  de  Vurdes,  and  even  to  St. 
Helena,  are  portionB  of  a  submerged  continent,  occupying 
a  large  part  of  the  eastern  Atlantic,  and  whieh  was  con* 
nected  with,  or  formed  an  extension  of,  Southern  Eurojie. 
And,  further,  that  certain  isolated  affinitiea  of  African 
and  American  groups  are  believed  to  prove  two  distinct 
land-connections  across  the  Atlantic,  one  between  Brazil 
and  Equatorial  Africa,  the  other  between  Patagonia  and 
South  Africa. 

The  late  Mr,  Andrew  Murray  believed  that,  with  the 
exception  of  the  tiniber^borers,  the  presence  of  the  same 
or  closely  allied  species  of  beetles  in  discontiguous 
countries  is  a  proof  that  there  has  been  a  former  con- 
tinuity of  soil,  because  neither  their  pow  rs  of  flight  nor 
their  vitality  are  sufficient  to  carry  them  over  any  con- 
siderable  extent  of  sea.  But  in  all  these  respects  they 
are  vastly  inferior  to  mammals,  reptiles  and  land-shellB ; 
while  thcir^  generally  small  dimensions  must  offer  facilities 
fqr  dL  ribution  in  many  unex]3ected  ways.  Violent  gales 
of  winfl,  tor   example,  will,   we  know,   carry   bodies    of 

*  This  chapter  formed  a  |xirtion  of  the  ftntbor^s  Presitleniiul  Addteaa 
to  the  Entomolgical  Society  of  Loni^luit  m  January  1871,  and  is  &  rtrply 
to  Ihe  argiimuntB  of  the  late  Mr,  Andrew  Murray  in  a  pap^r  published 
by  the  Oniie&D  8aciety  m  1870.  and  to  aimiUr  idewa  held  by  muiy 
Qlhet  writ«irai  and  siiU  oecaatonaUy  put  forward. 
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greater  specific  gravity  than  beetles  for  many  miles 
through  tne  air ;  and  storms  and  hurricanes  are  of  such 
frequent  occurrence,  that  they  must  havi  played  a  large 
part  in  istocking  all  uninhabited  lauda  Again,  during 
great  floods,  whole  forest  trees  are  often  carried  out  to  sea, 
and  hundreds  of  beetles  may  lurk  in  the  crevices  of  their 
bark  or  even  among  their  foliage,  and,  under  favourable 
circumstances,  be  drifted  a  long  way  in  safety.  Even 
matted  rafts  covered  with  soil  and  bearing  living  vegetation 
are  occasionally  floati?d  out  to  sea  by  tropical  rivers  and 
may  be  drifted  along  for  weeks,  and  ultimately  convey 
scores  of  insects  to  far  distant  lands,  A  large  number  of 
beetles  are  exceedingly  tenacious  of  life.  Immersion  in 
strong  spirits  for  twelve  hours  will  not  always  kill  them, 
nor  will  water  if  much  below  the  boiling  point ;  so  that 
it  is  not  improbable  that  some  considerable  projjortion 
would  be  found  to  survive  immersion  in  sea* water  for 
several  days.  Many  facts  have  not  been  recorded  as  to 
the  passage  of  beetles  over  wide  tracts  of  ocean,  but 
some  of  them  are  sufficiently  remarkable.  Darwin  cap- 
tured a  Colymbet^is  forty-five  miles  from  land  north  of  the 
Rio  de  la  Plata ;  and  at  seventeen  miles  off  Cape  Cor- 
rientes  he  c^iught  in  a  net  a  number  of  live  beetles  of  the 
genera  Colyra betes,  Hydro jK)rus,  Hydrobius,  Notaphus,  Cy- 
nucus,  Adimonia,  and  tScarabEeus.  A  Calosoma  also  flew  on 
board  the  Beaffk  when  ten  miles  from  the  shore  of  South 
America,  and  the  Calosonm  sywphuTUa  is  believed  occasion- 
ally  to  cross  the  English  Channel  Sir  Charles  Lyell 
also  states  that^  exotic  beetles  are  sometimes  thrown  on 
our  shores,  which'  revive  after  being  long  drenched  in  siilt 
water.  In  the  case  of  other  insects,  we  have  more  positive 
proof  of  their  passage  over  wide  spaces  of  ocean,  A  whole 
swarm  of  locusts  has  been  known  to  pass  over  Madeira 
from  Africa,  a  distance  of  more  than  300  raUes  ;^  while 
Darwin  himself  captured  a  locust- at  sea  370  milca^from 
land.  Two  individuals  of  the  Sphinx  atropos  flew  on  boarti 
the  Hotspur  East  Indiaman  in  1866,  during  an  easterly 
gale,  at  a  prjint  260  miles  from  the  coast  of  Portugal,  and 
were  exhibited  at  a  meeting  of  the  Zoological  Society. 
In  his  work  on  the  NaturcU  HUtm^y  of  tJie  As^o^res,  just 
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publbhed,  Mr,  GcKlman  relates  that  a  white  butteiflv  flew 
Oil  board  a  whaler  coming  from  the  south,  at  about  400 
tniles  frooi  the  A^on^s :  it  wa^  caught  by  the  captain  and 
placed  in  a  drawer^  where  it  laid  several  eggs.^  Such 
cases  as  these  having  beea already  recorded,  we  may  be  sure 
that  migrations  to  much  greater  distances  are  constantly 
occurring,  since  we  can  hardly  suppostj  the  extreme  aises 
to  be  those  which  have  first  been  observed.  We  have 
therefore  every  reason  to  bebeve  that,  under  lavoiirable 
conditions^  ahuu^t  any  winged  insect  could  traverse  ecjual 
distances.  These  considerations  would  lead  us  to  the  coar 
elusion  that  a  partial  identity  of  species  may  exist  in  Iji^ 
beetles  of  two  countriei?  separated  by  some  hundreds  of 
miles  of  sea,  without  in  any  way  necessitating  the  former 
existence  of  a  continuity  of  land  between  them*  In  the 
case  of  the  Atlantic  islands,  therefore,  I  see  no  reason  to 
believe  that  they  owe  their  Coleoptera  to  a  land-con nectioQ 
with  the  Continent,  more  especially  when  there  is  audi 
strong  evidence  against  that  view  in  the  total  abst?nce  of 
all  mammals  and  reptiles.  Can  we  believe  that  the 
forests  of  Ma*leira  would  be  without  a  single  native 
rodent,  or  even  a  frog,  if  they  owed  their  rich  coleop- 
terous and  molluscous  faunas  to  land-connection  wi^ 
Europe  ? 

The  exhaustive  researches  of  Mr,  Wolkston  in  theae 
islands  will,  I  belie ve^  furnish,  in  the  single  order  of  Cole- 
optera, ample  materials  for  the  elucidation  of  this  very 
interesting  qut-wtion.  Although  the  jnsecta  Madrrensia 
has  now  been  published  more  than  forty-six  years,  the  vast 
store  of  iacts  which  it  contains  bearing  on  the  question  of 
geographical  difctribution,and  es|>*M:'ialty  on  that  of  insular 
tauna-s,  has  never  been  fully  apinvciutLd ;  and  as  neither 
Mr.  Murmy  nor  later  write i^  havt'  grappled  with  these 
facts  as  a  whole,  or  uttL^nipted  to  show  how  they  are  com* 
patible  with  their  theory,  I  thiuk  it  advisable  to  give  a 
somewhat  detailed  analysis  of  then),  pointing  out  what  I 
conceive  tu  be  their  true  bearing  on  the  problem  of  the 
mode  of  distribution  of  beetles  and  the  origin  of  insular 
launas.  My  interpretation  of  the  evid^^nce  may  be  erro- 
^  Other  caiet  are  giv«n  in  my  Dorfmniftrnt  p.  Ii59, 
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ous,  but  the  facts  themselves  in  list  be  of  value.     The 

ontliae  ma]v  hero  givon  will  j^how   the  relation  of  the 
'  iJami$  to  the  other  Atlantic  groups  and  to  the  adjacent 
btitiiients* 

I  propose  to  confine  myself  mainly  to  evidence  furnished 
by  tne  Coleoptcra  of  thr?  Miulenun  group,  because,  being 
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|ff<yrs.--ni«  Bglit  tint  ■howa  wti«7«  U)<i  «c&  b  tou  tlitui  1,000  fftll»omfi  dMpi 
*f1w  diirk  tint      ,*  ,,  ,,        more  than  1,000  foUumu  dAB|», 

Thu  figure  ahQVt  dcfiiha  In  [J&tli^niii, 


^jiarated  from  the  mainland  by  a  much  wider  extent  of 
ceaii  than  either  the  Canaries  or  Cape  de  Verdes,  they 
Ter  a  much  more  satisfactory  test  of  the  opposing  theo- 
les.  It  is  an  advantage  also  that  the  materials  are  by 
IT  the  moBt  complete ;  and  in  the  Inmcfa  Madirensia  Mr, 
Wolla.%ton  has  given  some  detail  of  importance  which  are 
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wanting  in  the  Coiecpterm  AUantidnm  and  in  the  Cole^Ura 
ffesperiduju. 

The  most  novel  and  striking  facts  brought  out  by  Mr. 
Wollaston's  research ca  in  Madeira  are,  as  is  well  known,— 
Ist.  The  affinity  with  the  Mediterranean  fauna ; — 2nA 
The  total  absence  of  certain  large  divisions  of  Coleoptem 
abundant  in  that  fauna ; — 3rd.  The  number  of  new  and 
peculiar  species  and  of  new  and  anomalous  genera  \ — and 
4th.  The  unexampk^d  preponderance  of  apterous  (wingle^) 
species.  If  we  accept,  as  all  naturalists  now  do,  the 
theory  of  slow  change  of  forms  by  natural  causes^  we 
may  take  the  first  and  third  of  these  facts  as  proving 
that  the  origin  of  the  Madeiran  fauna  is  of  very  ancient 
date.  Let  us  see  therefore  how  the  second  and  the  fourth 
set  of  facts  bear  upon  the  mode  of  its  origin,  whether 
by  a  land- connection  with  Europe  or  by  tmnjsnufimon 
across  the  sea.  It  will  be  convenient  to  take  first  the 
facts  presented  by  the  wingless  or  winged  condition  of 
the  sfxicies. 

This  striking  peculiarity  consists,  either  in  species  being 
apterous  in  Madeira  which  are  winged  elsewhere,  or  in 
genem  which  are  usually  winged  consistingof  only  apterous 
species  in  Madeira,  or  lastly  in  the  presence  of  endemic 
apterous  genera,  some  of  which  have  winged  allies  while 
others  belong  to  groups  which  are  wholly  without  wings. 
Such  phenomena  undoubtedly  show  that  there  is  some- 
thing m  Madeira  which  tends  to  abort  wings ;  and  Mr. 
Wollaston  was  himself  the  firat  to  suggest  that  it  was 
connected  with  exposure  to  a  stormy  atmosphere.  His 
further  observation,  that  many  of  the  winged  species  had 
wings  more  developed  than  usual,  enabled  Mr.  Darwin  to 
bit  upon  that  beautiful  explanation  of  the  facts  which 
commends  itself  to  all  who  believe  in  the  theory  of  Natural 
Selection  *  while  Mr.  Wollaston  himself  adnnts  it  as  fully 
accounting,  teleologically,  for  the  phenomena.  That  expla- 
nation bnefly  ia,  that  the  act  of  flying  exposes  insects  to 
be  blown  out  to  sea  and  destroyed ;  those  which  flew  least 
therefore  lived  longest,  and  by  this  process  the  nice  be- 
came aptei'ous.  With  species  to  whom  flight  was  a  neces- 
'"ity,  on  the  other  hand*  the  strongest  winged  lived  longest, 
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and  thus  their  wings  became  more  and  more  developed  in 
each  succeeding  generation. 

Now  this  view  of  the  case  enables  us  at  once  to  explain 
some  of  the  most  striking  gaps  in  the  Madeiran  coleop- 
terous fauna.  The  Cicindt^lidae,  for  instance,  are  entirely 
absent ;  and  almost  all  the  European  species  are  winged 
insects  of  somewhat  feeble  flight,  yet  to  whom  flight  is 
necessary*  We  can  readily  understand  that  such  insects 
would  be  easily  exterminated  if  they  arrived  singly  or  in 
small  numbers ;  though  it  is  not  so  easy  to  understand 
why,  in  a  forest-clad  island,  some  of  the  sylvan  species 
should  not  have  found  a  home  had  the  land  ever  been  con- 
nected with  a  continent  where  they  abound*  Their  total 
absence  is,  therefore,  decidedly  unfavourable  to  the  theory 
of  a  land-connection  wdth  Europe.  To  the  Melolonthidse 
aad  Cetoniidie^  as  well  as  the  Eumolpid^  and  GalerucidBS, 
which  are  all  wanting,  the  same  argument  will  apply;  and 
also  to  the  Elatoridfe  and  Buprestidae,  which  are  repre- 
sented each  by  one  minute  speciea  But  if  Madeira  is  the 
remains  of  a  continent  once  continuous  with  the  south  of 
Europe  and  deriving  its  fauna  from  such  continuity,  how 
are  we  to  explaio  the  absence  of  extensive  genera  very 
abundant  in  South  Europe,  and,  from  their  being  apterous, 
specially  adapted  to  the  peculiarities  of  Madeira?  Such 
are  Carabus,  Lampyris,  Fimelia,  Akis,  and  many  others. 
But  these  facts  are  all  consistent  with  the  theory  of  intro- 
duction across  the  sea.  Apterous  groups,  however  abun- 
dant on  the  continent,  should,  as  a  nde,  be  absent ;  and  I 
find  that  almost  all  the  European  apterous  genera  are 
wanting,  and  among  the  few  exceptions  there  are  some 
whose  presence  ia  easily  explained  and  really  prove  the 
rule.  We  must  renieraber,  however,  that  the  apterous 
condition,  except  in  those  cases  where  it  is  characteristic 
of  an  extensive  group,  is  one  of  little  stability  or  import- 
tance.  There  are  species  which  are  sometimes  apterous 
and  sometimes  winged,  and  we  may  therefore  be  sure, 
that  if  any  advantage  was  to  be  derived  by  either  con- 
dition over  the  other,  natural  selection  would  very  rapidly 
render  it  constiiut  by  the  repeated  survival  of  the  favoured 
individuals.     This  is  illustrated  by  the  fact  that  we  have 
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winged  ajid  apterous  species  in  the  same  geotm,  as  well  as 
winged  and  apt-erous  genera  in  the  mitiic  family.  The 
ColeQptert»iis  Order  being  e-ssentially  winged,  anrl  the  vast 
majority  of  ity  members  being  capable  of  flight,  it  is  a 
presumption,  if  not  almost  a  certainty,  that  all  apteroos 
varieties,  species,  or  groups,  have  beon  derived  from 
winged  ancostors,^ — comparatively  ix^ently  in  the  ca^e  of 
the  former,  and  at  a  more  remote  epoch  tm  the  character 
becomes  more  constant  and  attached  to  group®  of  higher 
classificational  value. 

Taking  these  principles  as  our  guide,  let  us  examine  more 
closely  the  facts  presented  by  the  Madeiran  Coleoptera, 
and  their  bearing  on  the  rival  theories  as  to  their  mode  of 
introduction. 

There  are  a  large  number  of  European  beetles  belonging 
to  very  varieti  genera  and  families  which  are  apterous,  and 
a  large  proportion  of  these  inhabit  the  South  of  Europe 
and  North  Africa,  Now,  on  the  theory  of  land-connection, 
there  should  be  no  marked  absence  of  these  groups ;  on 
the  contrary,  apterous  forms  being  especially  adapted  to 
Madeira,  we  should  expect  them  to  preaominate.  But,  on 
the  opposing  theory  of  transmission  across  the  sea,  we 
should  ex|iect  them  to  be  wholly  absent,  or,  d  there  are 
any  exceptions^  we  should  expect  to  be  able  to  detect  some 
special  circumstances  which  might  favour  their  trans- 
mission. A  careful  examination  of  Lacordaire  s  Genera^ 
and  of  some  works  on  European  Coleoptera.  has  furnished 
me  with  the  following  list  of  genera  which  are  wholly 
apterous,  and  which  abound  in  South  Europe  and  North 
Africa. 

Carabus  possesses  about  80  species  in  these  regions ;  but 
is  wholly  absent  from  Madeira, 

Thorictus  has  10  South  European  species,  and  one 
representative  in  Madeira,  which  is  an  ants'-nest  species, 

Rhizotmgus  (Melolonthidce),  27  species  in  Sicdy  and 
Algeria,  the  very  countries  to  which  the  Miideiian  fauna 
is  traced,  yet  it  is  wholly  absent 

Lampyris^  Drilus  and  Troglops  (Malacoderms),  of  which 
the  females  are  apterous,  pi^ssess  27  *South  European  and 
North  African  species;  none  in  Madeira. 
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Otiorhyncbas,  Brachycerua,  and  twenty  other  genera  of 
CureiilioDidBe,  comprising  more  than  300  South  European 
and  North  Atrican  Hpedea,  are  absent  from  Madeiraj  with 
two  exceptions.  One  is  the  Trackyphlmiis  scnhtTy  a  widely- 
spread  European  insect  often  foimd  in  ants'  nests ;  and 
this,  uith  the  case  of  the  Thorictus,  renders  it  probable 
that  ants -nest  species  have  some  unusual  means  of  distri- 
bution«  which  are  by  no  means  difficult  to  conceive.  The 
other  exception  is  that  of  the  genus  Acaltes,  which  liaa  a 
number  of  Mtideimn  sj>ecies,  all  peculiar,  and  is  very 
abundant  in  all  the  Atlantic  islands.  Now  wo  have  first 
to  remark  that  Acallea  is  an  isolated  form,  but  is  allied 
to  Cryptorhynchu^,  which  is  often  amply  ringed ;  s*-i  that 
we  may  easily  suppose  that  its  introduction  to  Madeira 
took  place  before  it  became  completely  apterous  in  Europe. 
In  the  second  place,  we  ha?e  the  fact  that  many  of  the 
species  are  confined  to  peculiar  herbaceous  and  shrubby 
plants,  in  the  stems  of  which  they  undergo  their  trans- 
formations, and  which  habit  would  aflbrd  facilities  for 
their  occasional  transmission  in  the  egg  or  pupa  state 
across  a  considerable  width  of  ocean,  whue  a  fragment  of 
dry  stem  conUiining  egg  or  larva  might  pos!?ibly  be  carried 
some  hundred  miles  or  more  by  a  hurricane.  Such  sup- 
positions would  not  be  admissible  to  account  for  numerous 
^cases  of  transmission,  but,  as  will  be  seen,  this  is  alniost 
he  only  example  of  a  genus  of  large-sized  apterous 
European  beetles  ♦>ccurring  in  Madeira. 

Pimelia,  Tent^ria,  Blaps,  and  eighteen  other  genera  of 
Heteromem,  ctimprising  about  550  species  of  South  Europe 
and  North  Africa,  are  totally  absent  from  Madeira,  with 
the  following  interesting  exceptions : — two  common  species 
of  6lap8«  which  are  admitted  to  have  been  introduced  by 
human  agency,  and  three  species  of  Meloe,  two  of  which 
are  European  and  one  peculiar.  The  means  by  which  the 
apterous,  sluggish  and  bulky  Meloes  were  introtluced  is 
sufficiently  clear,  when  we  remember  that  the  minute 
active  larvsp  attach  themselves  to  bees,  insects  of  excee<l- 
ingly  powerful  Hight,  and  luore  likely  than  perhaps  any 
others  to  pass  safely  across  300  miles  of  ocean.  That  the 
solitary  exception  to    the  absence  of   wholly  a'^t.Qitmm 
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genera  of  European  Heteromera  from  Madeii'a  should  be 

the  genus  Meloe,  is,  therefore,  one  of  those  critical  facts 
which  ahnost  denionstiuto  that  it  is  not  to  land-continuit}' 
with  the  continent  that  the  island  owes  its  insect  fauna. 

Timarcha,  This,  the  only  important  apterous  genus  of 
Chrysomelida^  is  especially  abundant  in  Spain  and  Algeria^ 
and  possesses  forty-four  South  European  and  North 
Afncan  species ;  yet  it  is  unknown  in  Madeinu 

Tlie   occurrence   of  two   isolated    Einopean  S|)eciea  of 
characteristic    Atlantic   apterous    genera — Taqmius  and 
Hegeter— niaj  seem  to  fav*iur  the  opposite  theory.     The 
Tarpkius  ffihbulus  occurs  in  Hicily,  and  is  the  only  Eur<:i[>eau 
species  of  the  genus,  of  which  about  forty  inhabit  the 
Atlantic  islands.     It  is  most  nearly  allied  to  the  smallesfc 
of  the   Madeimn  species,   T.  Lmvci,  wliich   is  abundant 
among  lichen  on  weather-beaten  rocks  and  even  ascends 
in  the  forest  regions  to  the  highest  branches  of  the  trees. 
These  habits,  with  its  mmute  size,  are  all  in  favour  of  this 
species,  or  some  ancestral  alhed  form,  having  been  carried 
across  by  the  winds  or  waves,  thus  transfernng  to  Europe 
one  of  the  peculiar  types  elaborated  in  the  Atlantic  isk^s. 
The  Hegeter  tt^idis  is  an  analogous  case,  this  species  of  an 
otherwise  exclusively  Atlantic  genus  having  occurred  on 
the  opposite  ctmst  of  Africa.     These  instances  will  fnrnish 
a  reply  to  one  of  Mn  Murray's  difficulties, — ^tlmfc  all  the 
migration   has   been  in  one   direction,  fmrn    Europe    to 
Madeira,  never  from  Madeini  to  the  continent, — a  difficulty, 
it  may  be  remarked,  which  is  wholly  founded  on  an  un- 
proved  and   unprovable  assumption ;  for  how  can  it   be 
determined  that,  in  the  ease  of  Acalles  for  example,  the 
genus  had  not  been  first  developed  in  the  Atlantic  islands 
and  then  tmnsferred  to  Europe,  instead  of  the  reverse? 
It  is  always  assumed  to  have  been  the  other  way,  but  I 
am  not  aware  that  any  proof  can  be  obtained  that  it  was 
so, and  it  is  inadmissible  to  take  this  unproved  fissumption, 
and  base  an  argument  upon  it  as  if  it  were  an  established 
fact. 

We  will  next  consider  the  facts  presented  by  the  d 
tribution  of  those  species  of  Coleoptcra  which  range  froiu 
Madeiia  to  Europe,  or  to  any  of  the  other  Atlantic  islands^ 
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If  their  distribution  has  been  effected  by  land -continuity,  we 
should  expect  that  the  proportion  of  winged  and  apterous 
species  that  extend  their  range  beyond  the  island,  should 
not  be  very  strikingly  different  from  the  proportion  that 
is  found  on  the  island.  We  do  not  find,  fur  example,  that 
the  proportion  of  the  wingless  Carabi  that  have  reached 
our  o¥ni  country  from  the  Continent  by  former  land- 
connection  is  verj'  different  from  that  of  the  winged 
Cicimielae, 

Now,  leaving  out  altogether  those  species  which  have 
certainly  been  intriKhiced  by  man,  and  grouping  the  re- 
mainder for  convonience  in  six  divisions,  we  find  that  the 
Madeiran  Coleoptem,  which  iire  not  peculiar  to  it,  may  be 
classed  as  follows : — 

31   species  of  Carabida%  of  which    26  are  wunged,  5 

apterous.     The  whole  fiiuna,  however,  presents  the 

very  different  proportion  of  iiS  winged,  43  apterous. 
93  species  of  the  flmiilies  from  the  Hydnniephaga  to 

the  TomicidtP  inclusive,  of  which  DO  are  winged, 

3  apterous.    Total  fauna  :  220  winged,  27  apterous. 
28  species  of  Curculionidte,  of  which  2(3  are  winged,  2 

apterous.     Total  fauna:  35  winged,  74  apten:ms. 
15  species  of  Longicornia  and  Phytophaga,  of  which  15 

are  winged,  none  apterous.   Total  fauna ;  48  winged, 

1  apterous, 
20  species  of  Heteromera,  of  which  16  are  winged,  4 

apterous,     Totjd  tauna :  28  winged,  27  apterous. 
76  species  of  IStiiphylinida^  of  which  all  are  winged, 

none  apterous.  Total  fauna ;  109  winged,  i]  apterous, 
The  totals  are,  for  the  wide-ranging  species,  24r*  winged, 

14  apterous  =  203 ;  for  the  whole  fauna,  478  winged^ 

178  apterous  =  656. 

It  thus  appt-ars  that,  in  every  case,  an  immensely  smaller 

proportion  of  apterous  than  of  winged  species  are  widely 

distributed.    If  we  take  the  totals  we  find  that  while  about 

^two-fifths  of  the  whole  number  of  g|>eeies  range  to  other 

junfcries,  only  about  one-  thirteenth  of  the  apterous  species 

^do  the  same,  although  among  the  strictly  endemic  species 

there  are   160  apterous  to  only  110  winged!     We  can 
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hardly  impute  such  a  constant  and  overwhelmmg  pre- 
ponderance to  the  fact  that  apteroui^  insects  have  less 
facilities  for  extending  thdr  range,  when  we  know  that 
nearly  every  apterous  genus  possesses  species  of  almost 
uni vernal  European  di^stribution,  I  may  here  recall  the 
factt  that  of  the  above-mentioned  14  apterous  species 
which  range  out  of  Madeira,  two  are  Meloes  and  two 
ants*-nest  beetles,  whose  presence  we  have  already  suffi- 
ciently accounted  for.  It  may  no  doubt  be  giaid  that  much 
of  the  dififercnce  here  shown  is  due  to  the  fact  that  the 
peculiar  Madeiran  species  have  had  time  to  become 
apterous,  while  the  species  eominon  Ui  other  countries 
have  not  yet  hail  time  to  lose  their  wings ;  but  this  ar* 
gument,  although  a  valid  explanation  of  some  portion  of 
the  factSj  if  we  admit  that  many  of  the  latter  have  been 
r€€€7Uly  introduced  hy  nainral  caums,  cannot  be  used  by 
those  w^ho  maintain  a  former  land-connection  as  the  sole 
origin  of  the  fauna;  for  on  that  theory  all  the  species  now 
inhabiting  the  island  (and  not  introduced  by  man)  must 
date  back  to  the  same  remote  period,  and  have  had  equal 
time  in  w^hich  to  be  modified 

Let  us  now  consider  what  are  the  special  relations  of 
the  apterous  Madeiran  species  as  throwing  light  upon 
their  jKJssible  or  probable  niixie  of  introtluction. 

We  have  three  species  which  Mr.  Wollaston  himself 
states  to  be  usually  winged  elsewhere,  but  which  are 
apterous  in  Madeira.  These  are  Metabkhts  ohs€ii7*offuMatm, 
Caiaikv^  Jasci(-S  and  Bmdi/cclhcs  fulmis.  I  am  inclined  to 
believe  that  there  are  a  few  others  which  will  come  under 
this  category,  but  it  is  very  difficult  to  get  information  as 
to  the  winged  or  apterous  character  of  particular  ispecies* 
These  insects,  however,  have  evidently  become  apterous 
since  their  introduction  into  Madeira.  We  have  there- 
fore no  difficulty  in  accounting  for  their  intrwhiction,  and, 
as  no  other  change  in  their  external  characters  has  been 
effected^  we  may  suppose  it  to  ha\'e  been  comimratively 
recent. 

Next  we  have  those  genera  which,  though  apten^us  in 
Madeira,  are  wholly  or  imrtially  winged  elsewhere.  These 
comprise  a  large  number  of  species,  and  are  twenty- two 
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in  Dumber,  as  follows  ^ — Carabid^:  Cymindis,  Dromius^ 
Metabletus,  Scarites,  Apotomus,  Loricera,  Lcistus.  Cala- 
thuB,  Olisthopiis,  Argutor,  Cratognathna,  Bradycellus^ 
Trechus.  Philhvdiuda  :  HytlrobiuH.  Bvrkhid.^  :  Syn- 
calypta.  Curcitlionid.k  :  Phlceophagus,  Tychius,  Smi- 
cixmyx,  'Heteromera:  Phaleria,  Helops.  Staph VLlKJDJi: 
Homalota  (1  sp.),  Othiiis.  Here  we  are  carried  back  to  a 
remoter  epoch  for  the  introduction  of  the  winged  ancestors 
of  the  Madeiran  species,  since  not  only  have  the  wing8 
become  aborted,  but  the  innects  themselves  have  become 
modified  into  distinct  and  often  very  weU-marked  species. 
The  next  category  consists  of  apterous  genera  which 
are  peculiar  to  Madeira  and  the  other  Atlantic  islands, 
but  which  are  allied  t4j  winged  groups,  as  follows: — 
Elliptosoma. — Closely  allietl  to  Loriceni,  winged. 
Eurygnathus. — An  abnonuat  form  of  Licinides,  most  of 

which  are  winged 
Zargus. — An  abnormal  form  of  Chlffiiniides,  winged, 
Thalassophilus. — ^Allied  to  Trechus,  winged. 
Tarphius. — Belonging  ti>  the  Colydiida?,  mast  of  which» 

Mr.  Pascoc  informs  me,  have  wing8. 
Coptostcth us.— Allied  to  Cryptohypnns,  winged, 
Caulophilus,"AlIied  to  Phlceophagus,  wiuged. 
Lipommata,      Mesoxenus,      Caulotrupis.  —  Anomalous 

genera  of  Cossonides,  which  are  often  winged. 
Acalles,  Tomeama. — Abcrfltnt   genera  of  Cryptorhyn- 

chides,  most  of  which  are  winged. 
Ec  h  inoso  m  a. — Don  bt  f 1 1 1  a  ffi  n  i  ties. 
Atlantis,  Cyphoseelis,  Laparocerus  (Laparocerides). — A 

very  isolated  group. 
Anemophilus,  Scoliocerus. — Allied  to  TrachyphlcBidcs, 

some  of  which  are  winged. 
Lichenophagus,— Allied  to  Cienopsis  and  Omias,  some 

of  which  are  winged. 
Xenoi^hestes. — Allied  to  Choragus,  winged, 
Ellipsodes, — Closely  allied  to  Crypticus,  some  of  which 

are  winged, 
Hadnis. — Belongs  to  an  apterous  group  of  Opatrides, 

many  of  which  are  winged. 
Macro^tethus. — Belongs  to  C<£lometopidea,  all  of  which 
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are  apterous,  but  comm  next  to  the  Tm^hri&mdm 

rnmsy  of  Laconlaire^  which  are  mostlv  winged* 
XeBOinnia.— Belong?^   to   the   Aleochiiridea,  which   aro 

winged. 
Mecognathus. — ^ Allied  to  Sunius,  winged 
Metopsia.' — Allied  to  Phlceobium,  winged. 
Here  we  have  indications  of  an  introduction  of  fonns  at 
a  still  more  ri^mote  epoch.  In  many  cases  the  modifica- 
tions of  struct ui\*  have  been  so  great  jls  to  produce  distinct 
geoeric  forms,  while  these  remain  still  allied  to  w^ingt*d 
European  genera.  lu  other  cases,  however,  the*  modifica- 
tions aro  still  gr^^aterj  and  the  affinities  are  with  groups 
which  in  Europe  are  wholly  apterous.  Such  cases  m 
Hadrus  and  Macrostethus,  which  belong  to  small  groups 
of  wholly  apterous  genera,  are  difficulties  on  the  theory  of 
transmission  over  the  sea.  But  two  considerations  render 
this  ditficolty  less  real  than  apparent  They  all  carry  us 
back  to  a  very  remote  epoch  ;  and,  knowing  what  we  do  of 
the  instability  of  the  aptcixms  conditiou,  we  may  fairly 
conclude  thai,  the  groups  in  question  were,  at  that  time,  in 
a  partially  winged  sU*to.  At  or  near  this  same  remote 
epoch,  the  Madeiran  group^  as  indicated  by  the  snbmanne 
bank  now  connecting  the  several  islands,  probably  formed 
one  more  extensive  island,  ami  the  distance  of  ocean  to 
be  tm versed  would  then  have  been  considerably  less  than 
it  is  now. 

If  the  various  groups  of  facts  which  I  have  here  set 
forth,  respecting  the  distribution  of  apterous  and  wnnged 
species  and  genera,  aro  fiiirl}^  considered  as  a  whole,  I 
think  they  will  be  seen  to  be  quite  inconsistent  with  the 
theory  of  that  distribution  having  been  effected  by  a 
former  land-connection  with  Europe ;  and,  considering 
that  we  are  necessarily  ignonint  of  many  of  the  ways  by 
which  organisms  are  tiuusmittod  across  ocean  barriers, 
such  tmnsniission  seems  to  be  indioited  in  the  case  of  the 
Madeiran  Coleoptora,  not  by  means  of  drift  wood  and 
ocean  currents,  whieh  Mr.  Murray  thinks  must  be  the  most 
efficient  means  of  tmn sporty  but  by  some  mode  in  which 
their  wings  are  called  into  play,  which  can  only  be  by  a  pas- 
sage through  the  air  when  Jissisted  by  gales  and  hurricanes. 
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There  is  one  other  group  of  islands  which  seems  well 

adapted  to  offer  a  crucial  test  of  the  correctness  of  the 

theory   of   land-cotmcction.     Tho    Azores  aro  more  than 

twice  as  far  from  Europe  as  the  Madeiras,  and.  what  is 

of  still  more  importance,  they  are  cut  off  from  it  as  well 

as  from   the  M^leiras  by  a  bn:>ad  belt  of  ocean  of  the 

enormous  depth  of  nearly  1 5,000  feet.     We  may  feel  pretty 

confide nt,  therefore,  that  if  both  groups  have  once  been 

united  to  the  continent,  the  separation  of  the  Azores  is  by 

tar  the  more  ancient  event ;  and  any  theory  which  requires 

the  Azores  to  be  the  most  recently  sei>arated  must  be 

strongly  supported  by  indejjendent  evidence  to  render  such 

an  improbable  supposition  acceptable.     If  the  Azores  date 

the  origin  of  their  insect  |)optilation  from  a  reuxote  epoch 

when  they  were  connected  with  Europe,  we  should  expect 

to  find  that   almost  all   the  species   have  since  become 

modified,  and  that  these  islands  would  offer  us  a  larger 

proportion   of    highly   specialised    and    ultnv indigenous 

forms  than  Madeira  itsoU'     The  exact  contrary,  however, 

is  the  fact,  for  out  of  more  than  200  species  only  about 

sixteen  are  peculiar.     Taking  the  geodephagous  group,  the 

species  of  which,  both  Mr.  Mun^ay  and  Mr.    WoUaston 

believe,  are   least  liable  to  be  introduced  by  man,  we  find 

that  two  only  are  peculiar,  while  sixteen  are   European, 

The  Rhynchophora  only  equal  the  Geodephaga  in  number 

of  species,  ancl  seven  of  these  are  peculiar.     Leaving  out  a 

large  number  of  species  which  have,  there  is  little  doubt, 

been   introduced   through   human  agency,   there  remain 

more  than  100  specii^s  identical  with  those  of  Europe  and 

the  Atlantic  islands,  while    only   fourteen    are    peculiar 

These  facts  imply  that  the  insects,  as  a  whole,  have  been 

brought  to  the  islands  through  natural  causes,  and   that 

the    process   is    probably  still  going  on.     On  looking  to 

Physical  Maps  for  inlbrmation,  however,  a  difficulty  appears; 

for  the  ocean  currents,  as  well  as  the  prevalent  regular 

windSt  are  all  from  the  westward,  while  only  four  of  the 

beetles  are  American,  and  these  being  all  wood-borers  have 

no  doubt  been  brought  by  the  Oulf-stream  or  in  some  cases 

have  been  introduced  by  man,  Fortnnately,however,  we  have 

a  means  of  getting  over  this  difficulty ;  for  Mr.  F.  Da  Cane 
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Godman,  who  has  given  us  the  most  recent  and  accumto 
in  formation  on  the  natural  history  of  these  igland.sjn  forms 
us  (in  his  paper  on   the  Birds  of  the  Azore-s  in  the  Ibis 
for  1866)  that  the  stormy  atmosphere,  to  which  we  have 
seen  that  Madeira  owes  so  many  of  its  peculiarities,  is 
afcill  more  marked  a  feature  of  the  Azores,  where  violent 
storms  from   ail  points  of  the  coinpms  are  frequent,  and 
annually  bring  to  their  shores  numbei's  of  European  birda 
As  a  natural  result  of  this  constant  influx,  the  birds  of  the 
islands  are,  all  but  two.  of  European  specie^s ;  and,  what 
is   very  important,   they  decrease  in  numbers  from   the 
eastern  to  the  western  islands  of  the  group.     This  is  just 
what  we  should  expect  if  they  are  stmgglers  from   the 
eastern   continent ;  but   if  they  are    the  descendants  of 
those  which  inhabited  the  country  before  its  dismember- 
ment, there  would  be  no  meaning  in  such  a  diminution. 
Now  we  can  hardly  doubt  that  these  mime  storms  also 
bring  Coleoptera  and  other  insects  to  the  Azores,  though 
it  may  be  more  rarely  and  in  smaller  numbers  than  in  the 
case    of  bii^s ;    and    the    large    pro|X)rtion   of  Eurojiean 
species  will  then  be  very  intelligible.     The  same  explana- 
tion is  suggested  by  the  proportions  of  the  most  important 
groups,  for  while  (after  deducting  all  those  species  believed 
to  have  been  introduced  by  man)  the  Gettdephaga  and 
Brachelytra  are  by  far  the  most  numerous,  the  Rhyncho- 
phora  and  the  Heteromera  are  exceedingly  few^  a  distribu- 
tion which  ci>rresponds  with  their  respective  powers  of 
flight.     It  is  also  a  very  important  fact  that  only  four  non- 
introduced  species  can  be  ti-accd  to  an  Americ-an  origin, 
while  more  than  a  hundred  are  European  ;  since  it  shows 
of  how  little  importance  are  ocean  currents  as  a  means  of 
conveying  insects  over  a  wide  extent  of  sea ;  whereas  the 
great  mass  of  the  non- introduced  species  have  evidently 
passed  through  the  air,  aided  by  their  powers  of  flight,  for 
a  distance  of  about  a  thousand  miles  from   Europe,     The 
Azorean  Elateridae  form  a  curious  feature  of  its  fauna,  con- 
sidering that  the   whole  family   is  almost  absent  from 
Madeira  and  the  Canaries.     Of  the  six   species  two  are 
European  (one  spec  tally  Portuguese),  so  that  they  may  have 
been   introduced  with  living  plants.     Two  are  oommoQ 
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South  American  species,  probably  introduced  m  the 
jfloating  timbec,  though  they  may  als<:»  have  come  with 
living  plants,  which  are  often  brought  froni  Bahia.  Two 
species,  however,  are  peculiar,  and  one  is  closely  allied  to  a 
Brazilian  species,  so  that  it  must  have  been  introduced  by 
natural  agencies  before  the  settlement  of  the  island ;  the 
other  is  of  a  genus  confined  to  Madagasc^xr. 

Now  it  is  a  suggestive  fact  that  the  Mozambique 
current,  ben  fling  round  the  Cape  of  Good  Hope  to  the 
Equator,  is  one  of  the  sources  of  the  (iulf-stream  ;  si>  that 
it  is  not  impossible  that  a  tree,  carried  down  by  a  flooded 
river  on  the  west  coast  of  Madagascar,  might  ultijnately 
reach  the  Azores.  That  it  should  convey  living  larvan  or 
pupaj  of  Elaters  may  also  not  be  impossible ;  and  if  such 
a  log  reached  the  Azores  but  once  in  ten  thousand  years, 
and  but  one  log  in  a  thousand  should  convey  living  Elaters, 
we  should  still,  if  the  calculations  of  geologists  have  any 
approximate  value  whatever,  be  far  within  the  cjioch  of 
existing  genera,  and  even  of  most  existing  spc^ciea  A 
relation  so  isolated  and  cxtraoiTlinary  as  that  between  a 
single  ia^ct  of  the  Azores  and  those  of  Madagascar,  may 
well  be  due  to  a  concurrence  of  events  as  rare  and 
improbable  as  this  seems  to  be. 

The  Azores,  and  in  a  less  degree  the  Madeiras,  appear 
to  me  to  teach  ua  this  important  lesson  in  the  laws  of 
distribution  of  birds  and  insects,— that  it  hjis  been  de- 
termined neither  by  the  direction  of  ocean  currents  nor  by 
that  of  the  most  prevalent  winds^  but  almost  wholly  by  more 
exceptional  causes  such  as  storms  and  hurricanes,  which 
still  continue  to  bring  immigmnts  from  the  nearest  lands. 

Mr  Murray's  argument  for  a  land-connection  between 
the  various  Atlantic  islands,  from  the  Azores  to  the  Cape 
de  Verdes,  and  even  to  St.  Helena,  has  perhaps  more  to 
be  said  for  it ;  but  I  do  not  think  that  the  facts  require 
anything  beyond  the  extension  of  each  group  into  one  or 
more  c-onsidei"abIe  islands.  Such  an  extension  is  perhaps 
indicated  by  the  comparatively  elevated  submarine  bank 
on  which  each  group  stands  ;  and  it  is  evident  that  more 
extended  land-surfaces  would  not  only  bring  the  groups 
o  each  other,  but,  by  offering  a  much  greater  length 
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of  opposing  coasts,  would  greatly  facilitate  the  migmtiou 
and  accidental  tmnsmission  of  individuals* 

Another  point  of  great  importance  to  which  attention  is 
called  in  Mr.  Murray  s  essay,  is  the  long-persisting  ifientity 
of  form  which  seems  to  be  a  characteristic  of  insects,  and 
which  is  thought  to  aUow  ample  time  for  those  revohitions 
in  geogiBphy  to  which  he  so  constantly  appeals.  Bnt  this 
antiquity  and  i>*?n5ktence  of  insect- forms  will  have  allowed 
equal  time  for  the  action  of  a  most  powerful  agent  of  dis- 
tribution, which  is  too  hastily  dismissed-  I  allude  to  those 
changes  of  climate,  which  within  a  period  so  recent  as  the 
Miocene,  have  at  one  tiTue  chjthtd  the  now  inhospitable 
regions  of  North  Greenland,  Spitzbergen  and  other  Ai^ctie 
lands,  with  forests  and  evergreens  and  flowering  shrubs, 
and  at  another  have  covered  the  Northern  United  States 
and  Ccntml  Europe  with  a  mantle  of  ice  like  that  which 
at  present  envelopes  Greenland.  These  vast  climatic 
changes  must  have  affonied  ample  fatalities  for  insect 
migrations, — between  the  eastern  an<l  western  hemispheres, 
when  the  arctic  n^gions  were  inhabited  by  a  tt^mperate 
flora  and  fauna, — between  the  northern  and  the  southern, 
when  the  animals  and  plants  of  either  hemisphere  were 
driven  towards  the  Equator  by  the  glaciation  of  their  native 
regions,  and  when  a  portion  would  cross  that  barrier,  either 
along  the  elevated  lands  or  by  transmission  over  narrow 
seas.  This  cause  is  admitted  by  our  best  botanists  to  be 
amply  sufficient  to  account  for  the  presence  of  European 
genera  and  species  of  plants  on  the  Andes,  in  Chili, 
Patagonia  and  Terra  del  Fuego,  in  New  Zealand,  and  in 
the  Australian  Alps.  The  relations  of  South  America, 
Australia,  and  other  southern  lands  to  each  other,  are  still 
more  marked,  and  probably  more  deep -seated »  and  seem  to 
imply  either  a  gi^eater  extension  or  the  existence  of  inter- 
mediate lands  at  some  former  period,  but  not  an  actual 
continuity  with  one  another. 

I  believe  that  the  curious  and  suggestive  facts  which  I 
have  disinterred  from  that  bulky  and  little-read  volume, 
the  Insccfa  Madercfisia,  may  be  of  some  use  to  students  of 
th€  geographical  distribution  of  animals. 
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In  the  NmdceMh  Ccnturi/  of  December  1878^  Dr.  P.  L. 
Sclater  called  attention  to  the  subject  of  the  geographical 
distribution  of  animals  in  its  bearing  on  the  theory  of 
evolution*  and  gave  nuinerouB  special  cases  in  which  the 
actual  diytributioii  of  particular  species  and  groups  is  very 
difficult  to  explain  on  that  theory  without  making  a?i*^u!np- 
tions  which,  in  his  opinion,  the  evidence  at  our  disposal 
does  not  warrant  Difficulties  of  this  nature  are  so 
numerous,  and  many  of  them  seem  to  him  so  weighty,  that 
in  order  to  explain  them,  ho  is  k'd  to  question,  what  is 
almost  an  axiom  with  evolutionists,  that  identity  of  -^hmc^ 
lure  i»y  without  except  iwi^  an  iiidicatimi  of  d^scetU  from  (i 
mrivmon  parc7ii.  Similar  doubts,  though  not  stated  in 
exactly  the  same  terms,  wero  felt  by  the  late  Professor 
Mivart  - ;  and  it  therefore  becomes  a  matter  of  interest  to 
examine  a  little  more  closely  into  the  alleged  difficulties, 
in  order  to  see  whether  they  are  not  really  explicable  on 
the  principle  of  descent  with  modification,  only  c-alling  to 
our  aid  such  general  assumptions  as  arc  fully  warranted 
by  what  we  actually  know  of  the  migrations  and  extinctions 
of  living  things,  and  of  the  past  changes  in  the  physical 
condition  of  the  earth  and  its  inhabitants. 

As  Dn  Sclater's  article  gives  an  excellent  summary  of 
the  nature  and  meaning  of  zoological  distribution,  and  of 

^  TKi«  chapter  first,  appeared  in  the  NimttetUh  Century  of  February 
B70,  under  the  title  *'  Animala  and  their  Ncitive  Ountriw." 
*  Qtnafis  ofSpcicits^  Chap,  111. 


2ti8 


STUDIES,  8C1EKTIFIC  AKD  SOCIAL 


the  maiJi  general  cod  elusions  arrived  ai  by  natoralists,  ouf 
purpose  will  be  best  attained  by  proceeding  at  once  to 
consider  his  special  cases  of  difficulty  ;  and  in  doing  so  we 
shall  have  occasion  to  discusSjas  fully  as  may  be  required, 
the  general  principles  and  particular  illustratioos  needed 
t*j  elucidate  them. 

We  have  first  the  case  of  the  little  Blue  Magpie  of 
Spain  {Cyaiwpica  Cooki),  which  has  a  very  close  ally  in  the 
extreme  parts  of  Eastern  Asia  and  Japan  (C.  e^netisX 
while  there  is  nothing  closely  allied  to  these  in  all  the 
intervening  regions  or  in  any  other  part  of  the  world. 
This  is  said  to  be  an  infringement  of  the  canon  as  to 
the  continuity  of  specific  areas,  and  as  such  to  requim 
explanation.  Before  proceeding  further,  it  hiU  be  well  to 
inquire  into  the  value  of  this  canon  of  continuity,  and 
whether  it  is  so  clear  and  well  established  that  infringe- 
ments of  it  are  altogether  exceptions  to  the  usual  course 
of  nature-  So  far  from  this  being  the  case,  1  believe  it 
will  be  found  that,  between  the  complete  continuity  of  the 
area  occupied  by  a  species  or  a  genus  and  such  wide  dis- 
continuity as  occurs  in  the  present  example^  there  is  eveiry 
[jossible  gradation ;  and  furtherj  that  the  instances  of  dis- 
continuity are  very  numerous,  while  those  of  complete 
continuity  are  far  less  generally  the  rule  than  appears  at 
first  sight. 

In  order  to  understand  the  bearing  of  this  class  of 
phenomena  on  the  theory  of  deri%*ation  by  modification 
from  an  allied  form,  let  me  briefly  indicate  the  probable 
course  of  a  genus  of  animals  fn>m  its  birth  or  origin  to  iU 
final  extinction. 

Genera  are  groups  of  species  which  agree  among  them- 
selves, and  differ  from  all  other  groups  in  the  same  family 
or  order,  by  the  possession  of  some  Mructural  peculiarities* 
We  must  thereibre  suppose  a  genus  to  have  had  its  origin 
in  some  variation  of  structure  which  was  useful  to  its 
possessors^ — such  as  a  modification  of  the  bill,  feet,  or 
wings  of  a  bird,  or  of  the  teeth ^  ckws,  or  horns  of  a 
marnmaL  Acconling  to  the  theory  of  natural  selection, 
the  pjssessors  of  such  a  useful  peculiarity  would  increase 
at  the  expense  of  their  close  alUes  who  did  not  possess  it, 
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and  would  soon  form  a  distinct  gniiip  of  individuala 
breeding  together  atid  constituting  a  species — the  first 
species  of  the  new  genua  This  species  having  in  time 
supplanted  the  parent  species,  and  being  better  adapted 
than  it  for  the  battle  of  life,  would  almost  certainly  cover 
a  wider  area,  and  thus  come  into  competition  with  several 
of  the  allied  species  of  the  old  genus,  some  of  which  it 
would  also  probablj  supplant,  artd  occupy  the  areas  they 
formerly  occupied.  But  as  the  old  genus  had  been  modi- 
fied into  distinct  specks  (differing,  perhaps,  slightly  in 
colour  or  habits  in  acconlance  with  the  varying  physical 
conditions),  so  the  now  widespread  species  of  the  new 
genus  would  vary,  and  become  iiiociified  in  a  somewhat 
analogous  manner,  forming  a  gefiug  consisting  of  several 
t^HSciss,  Now,  if  the  generic  form  thus  prod  need  was  one 
of  great  inherent  \ngour  and  adaptabilitVi  and  if  the 
peculiarity  of  structure  it  possessed  was  of  considemble 
impurtance,  it  would  become  what  Mr,  Darwin  terms  a 
dominant  group :  that  is,  it  would  spread  widely  over  the 
earth  under  various  tnodified  forms  suited  to  the  various 
conditions  it  became  subject  to.  At  last  it  would  reach 
its  maximum  of  development,  and  cease  to  spread  further, 
either  owing  to  its  inability  to  adapt  itself  to  further 
changes  of  climate,  fr-c^  or,  what  is  more  likely,  from  its 
coming  into  comj>etition  with  other  dominant  groups  which 
had  in  like  manner  spread  from  •some  other  centres. 

Now,  during  all  this  time,  which  may  be  termed  the 
peri*xl  of  growth  of  the  genus,  it^  area  will  have  been 
almost  necessarily  continuous,  and  the  areas  occupied  by 
its  several  species  (also  continuons)  will  probably  overlap 
each  other.  But  now  conmiences  its  period  of  decay. 
Other  groups  uf  the  same  or  allied  families  have  given 
rise  trt  varieties  which  have  also  become  dominant  species 
and  genera,  \shich,  under  the  somewhat  changed  physical 
conditions  that  in  time  have  come  about,  beat  it  in  the 
buttle  of  li  fe,  ami  force  it  to  retire  step  by  stej)  fronj  the 
vast  area  it  had  overrun.  Fii'st  one  species  and  then 
another  will  dwindle  away  and  become  finally  extinct,  and 
by  so  doing  will  necassarily  leave  gaps  in  its  area  of  dis- 
tribution.    This  princess  going  steadily  on,  the  time  mU 
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at  last  come  when  two  or  three  species  only  will  remain, 

most  likely  in  widely  se]:>arated  jmrts  of  its  former  area; 
their  position  being  determined  either  by  the  competition 
being  there  somewhat  less  severe,  or  by  some  speciality 
of  conditions  which  are  exceptionally  tavourable  to  the 
dying-out  group.  Then  one  and  then  another  of  th^e 
specias  will  die  out,  and  the  once  extensive  genus  will  only 
be  represented  by  a  single  species  inhabiting  a  veiy 
restricted  locality.  This  will  become  rarer  and  rarer,  the 
necessary  preliminary  t*>  that  final  extinction  which  we 
know  to  be  the  fate^  sooner  or  later,  of  every  group  of 
living  things. 

Most  working  naturalists  (and  none  better  than  Dr. 
SclatiT)  are  acquainted  with  genera  whose  distribution 
will  iHustrate  all  the  successive  phases  of  this  hypothotical 
history;  while  palaeontology  furnishes  us  with  some 
actual  examples  of  the  progress  of  a  group  from  its  rise 
to  its  decay,  though,  owing  to  the  extreme  imperfection 
of  the  geological  recoixl  (and  its  total  absence  for 
important  epochs  in  many  parts  of  the  globe),  we  can 
never  trace  the  complete  history  of  such  a  group,  A 
little  consideration  mil  show  us,  however,  why  it  is  that 
continuity  of  generic  and  specific  areas  appears  to  be  the 
rule,  discontinuity  the  exception,  although  the  reverse 
may  really  be  the  case.  There  can  be  no  doubt  that  the 
development  of  an  extensive  genus  is  a  slow  process, 
while  its  decay  and  final  extinction  need  not  be  slow,  and 
may  conceivably  be  extremely  rapid.  Geological  and 
geographical  changes  may  be  long  in  preparation,  but 
finally  very  abrupt  Land  may  sink  a  thousand  feet  with- 
out producing  any  very  important  effect  except  diminution 
of  area,  but  the  next  hundred  feet  of  depression  may  cut 
it  off  from  a  continent,  and  may  alter  the  direction  of 
ocean  currents,  thus  producing  a  greater  organic  and 
physical  change  than  had  been  brought  alwut  by  the 
previous  subsidence  occupying  ten  times  a^  long.  Again, 
such  a  change  as  that  w^liich  admitted  the  highly 
organised  Miocene  mannnalia  of  Europe  into  Tropical  and 
South  Africa  mus^t  have  led  at  once  to  the  extermination 
of  many  of  the  indigenous  species,  and  have  restrict<?d  the 


of  many  tuore*    It  is  aleo  important  to  remember 

ikhat  the  doniioant  or  growing  species  and  genera,  which 

rmre   those   having   continuous   areas,  will  he  neccsisarily 

more  prominent,  more  numerous  in  8pecie8  and  individuals, 

and  tnerofore  far  better  known  ;  while  those  in  process  of 

extinction,  and  for  that  very  reason  having  discon  tin  nous 

^Lai'e4&8,  will  be  less  ninneroiis,  ftir  hm  coniinon,  and  in  fact 

^■tften  very  rare,  and  therefore  much  less  known.     In  many 

HBMiS}  too,  it    will  hapj>en  that  the  discontinuity  is  not 

^p«at  as  regards  distance,  and  it  will  tht?n  not  be  noticed, 

or   will   be    imputed  to  want  of  knowledge,  a  1th on gh  it 

may  be  quite  as  real  as  when  half  a  continent  lies  between 

the  two  species. 

It   appears,  therefore,  that  the  discontinuity  of  many 

^^genera  and  higher  groups,  so  far  from  being  difficult  of 

^pexplanation,  is  really  one  of  the  inevitiible  results  of  the 

^process  of  extinction    which  is  always    going    on*     The 

pt^culiarity  of  the  particular  c-iise  we  are  considering  is 

that  it  is  somewhat  extreme;  in  the  fact  of  two  species 

only  being  Icjft,  occupying  limited  areas  situated  at  the 

opposite  extremities  of  the  immense   Pala^^arctic  region. 

But  this  is  not  very  extraortlinary,  because  there  are  in 

Western  Europe  and  Japan  a  number  of  pairs  of  closely 

allied  species  whose  extinction  in  the  intervening  areas 

would  lead  to  an  exactly  similar  phent^menon  to  that  we 

are    conmdering.     Huch  are  the  European  and  Jaj>anese 

I      jays,  bullfinches,  goldcrest   warblers,  and    wrens,   all    of 

^■which   are  closely  allied  to  each  other,  while  they  are 

^^separateil  by  a  wide  area  in  Central  Asia  often  occupied 

hy  species  which  differ  considerably  from  both.     Should 

either  of  these  groups  die  out,  we  might  expect  that  the 

species      inhabiting      the     comparatively     desert,     and 

inhospitable  regions  of  Central  Asia  would  succumb  first, 

while    those    living   in   the   milder    and   more    equable 

climates  of  Western  Europe  and  Japan  would  probably 

linger  on,  the  hist  of  their  race.     It  is  very  interesting  to 

note   that  in  most  cases  of  such  widely  separated  but 

Itjsely  allied    species    or    groups    there    is    a    decided 

liniilarity    in    the    general    physical    conditions    of    the 

[>uDtrie8   they   inhabit.     The   ally  of  the  Spanish   blue 
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magpie  is  found  in  North-eastem  Asia  from  Shanghai  to 

Pekxii  and  the  Amoor,  as  well  as  in  Japan ;  and  these 
countries  reprorhiee  the  hot  summers  and  the  cold  winters, 
the  rugged  mountains  and  the  sheltered  valleys  of  Spain, 
while  Doth  areas  are  subject  to  the  influence  of  the 
vicinity  of  the  ocean  in  an  alniost  equal  degi^e. 

Before  going  further  we  must  guard  against  a 
misconception  as  to  the  progressive  rise  and  decay  of 
species,  genera,  and  higher  groups.  It  is  not  maintaioed 
that  this  will  always  take  place  uninterruptedly  or 
continuously.  On  the  contrary,  it  is  certain  that  the 
decay  of  a  gi^oup  may  run  its  course  for  a  time,  and  then, 
owing  to  cTianged  conditions,  may  be  checked,  and  even 
be  changed  into  a  new  growth  and  development.  Hence 
arise  those  isolated  groups,  which  yet,  by  their  abundance 
in  species  and  the  coasidemble  area  they  occupy,  show 
that  they  are  in  a  flourishing  condition — of  which  the 
tanagem  in  »South  America  (Tanagridee),  the  broadbills 
(Eurylsemida?)  of  Asia,  and  the  colics  of  Africa  (Coliidfie), 
may  serve  as  examples.  When  an  extensive  group  is  in 
process  of  extinction^  it  may  become  broken  up  into  many 
isolateil  portions,  sometimes  in  juxtaposition  to  each 
other,  sometimes  separated  in  remote  parts  of  the  globe. 
Changes  of  conditions,  whettier  physical  or  organic,  may 
favour  first  one,  then  another,  of  these  portions,  or  the 
same  portion  may  be  subject  to  alternate  phases  of 
progression  and  decay  several  times  repeated.  How  can 
we  wonder  that  the  final  result  of  such  complex  processes, 
whose  general  nature  we  can  understand  but  whose 
details  it  is  im|>ossible  for  us  to  trace,  should  often  lead 
to  anomalies  in  geographical  distribution  i  And  when 
we  consider  that  these  processes  have  been  often 
intensified  and  further  complicated  by  geographical 
mutations,  and  by  those  forced  migrations  induced  by  the 
climatal  changes  which  culminated  in  the  glacial  epoch, 
the  wonder  rather  is  that  we  can  account  for  so  much, 
than  that  there  should  be  matters  of  detail  which  we 
cannot  explain. 

It  is  clear,  then,  that  the  ease  of  the  Little  Blue  Magpie 
of  Spain  and  its  close  ally  in  Eastern  Asia  is  simply  an 
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example  of  a  dying-out  group,  of  which  two  allied  species 
reiimin  isolated  in  remote  coun trios  favourable  to  their 
existence ;  and  further,  that  the  suppositioD  of  their 
common  ancestors  having  once  occupied  the  intervening 
region,  so  far  from  being  unwarranted,  is  supported  by 
the  analogy  of  several  other  groups  of  birds  in  the  same 
area. 

Dr,  Sclaters  next  two  cases  may  be  sufficiently  ex- 
plained by  the  application  of  the  general  considerations 
and  examples  alrea^ly  adduced.  We  have  two  allied 
species  of  OxyrhamphuB  isolated  in  South-East  Bnuil  and 
Central  America — countries,  it  may  be  remarked,  about 
equally  removed  from  the  equator  and  enjoying  very 
similar  climates;  while  in  the  cuckm)s  of  the  genus 
Neomorpha  we  have  a  similar  phenomenon  in  nearly  the 
same  two  areas,  with  the  addition  of  three  species  in  the 
intervening  districts  which  are  not  closely  allied  to  the 
two  others. 

We  have  here  really  only  the  same  class  of  facts  as 
occur  plentifully  in   the  Palaearctic  region,  in  which  the 
species  of  the  eastt^rn  and   western  extremes  are  often 
alike,  while  those  that  intervene  are  more  diverse.     We 
mn,  without  much  difficulty,  refer  this  latter  peculiarity 
to  diversity  or  similarity  of  climate  and  physical  condi- 
tions, while  in  the  Neotropical  region  it  is  more  probable 
that  a  diversity  of  organic  conditions  may  have  been  the 
agent  at  work.     There  is  some  reason  to  believe  that  the 
grc^t  plateau  of  Guiana  long  formed  an  island,  and  that 
this  isolation  led  to  the  development  of  seveml  peculiar 
forms,  which  have  in  some  cases  spread  into  Upper  A  ma* 
5!onia,     A  range  of  plateaux  and  hills,  on  the  other  hand, 
connects  Brazil  with  the  Andes,  and  has  thus  kept  up  a 
I      greater  zoological  continuity  with  Central  America  than 
^^the  intervening  area  of  Guiana  has  been  able  to  do, 
^ft    Dr.  Sclater*s  third  problem,  that  of  Pitta  angoUfisiBy  is 
^■Veiy  interesting,  and  will  afford  us  an  opportunity  of  dis- 
cussing some  of  the  most  curious  phenomena  of  distribu- 
tion, and  of  bringing  forward  some  considerations  which  I 
I      believe  will  go  far  towards  the  removal  of  most  of  the 
difficulties  they  present.    The  case  is  that  of  a  rather 
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extensive  and  very  beautiful  group  of  birds,  though  not 
very  nuinorous  in  species,  ranging  from  the  Himalayas  to 
Eastern  Austraha,  but  having  one  species  isolated  in 
Western  Africa,  Dr.  Sclater  hjis  himself  mentioned  a 
few  parallel  cases,  but  there  are  others  eqtially  interesting, 
a  consideration  of  which  may  aid  us  in  our  attempted 
explanation.  We  have  first  the  gorilla  and  chimpanzee, 
corresponding  to  the  orangs  of  Borneo  and  Sumatra  ;  and 
among  the  quadrnmana  the  genus  Cercijeebus  allied  to 
the  Eastern  macaques  is  wholly  West  African,  while 
Colobus,  closelj  allied  to  the  Asiatic  Semnopithecus,  is 
found  io  Abyssinia  as  well  as  in  West  Africa.  Among 
birds  we  have  Ak-the,  an  African  genus  of  babblers, 
and  Pholidornis,  one  of  the  l)ica*ida^,  allied  to  Asiatic 
forms;  while  the  genus  of  crested  horn  bills,  Bei^enicornis, 
has  one  species  in  Sumatm  an*!  the  only  other  in  West 
Africa.  The  fruit-thnishes  of  the  genus  Criniger,  so 
abundant  in  Asi^i  and  Malaya,  are  also  found  in  West  and 
South  Africa,  while  the  beautiful  imrrt»qucts  of  the  genus 
Pala*oniis  inhabit  West  Africa  and  Abysyinia  as  well  as 
India  and  the  larger  Malay  Islands.  Amon^  reptiles  and 
amphibia  we  have  three  families  which  follow  the  same 
rule.  Lizards  of  the  family  Acontiadie  are  contined  to 
the  Moluccas,  Ceylon,  and  West  and  South  Africa ;  toads 
of  the  family  Engy^stoniida?  have  nearly  the  same  range, 
but  arc  more  widely  spread  in  Asia ;  while  snakes  of  the 
family  Homalopsidre  ai-e  abundant  in  tropical  Asia  and 
America,  and  are  even  fouritl  in  Europe,  while  in  Africa 
they  are  coniined  to  the  western  districta 

These  numerous  c^tses  of  the  occiUTcnce  of  what  are 
otherwise  Eastern  groups  in  We^t  Africa,  unditubtedlv 
suggest  some  correspondence  of  physical  conditions  which 
rendei-s  this  portion  of  the  continent  alone  suitable  to 
them.  The  further  question,  how  they  got  there  at  all, 
is  elucidated  by  what  we  know  of  the  past  hi^torv  of 
Africa  and  Europe,  It  is  now^  generally  admitted  that, 
before  the  Miocene  period,  Ti-opical  and  Honth  Africa  w^as 
cut  ofiF  from  the  great  continent  of  the  northern  hemi- 
sphere by  a  wide  arm  of  the  sea.  It  was  then  in  fact  an 
island^  or  perhaps  a  group  of  large  islands,  and  probably 
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B  of  mammalian 

inaectivora  were 


>ii  tamed  ^ 
life,  among  whieli 

conspicuous.  Wherij  during  the  Miocene  period,  it  be- 
carae  united  to  Europe  and  Asia,  it  was  at  once  overrun 
by  a  minibcr  i>f  the  lar^e  mammalia  of  that  continent, 
such  as  elephants,  rhinoecroacs,  lions,  giraftes,  antelopes, 
hip[iojj<5tanii,  afjes,  and  many  other  forma  whose  remains 
are  found  in  abundance  in  the  Miocene  deposits  of  France, 
Oermany,  Hungary,  Italy,  and  Greece.  South  Europe 
must  have  then  possessed  a  sub- tropical,  if  not  a  tropical, 
cliuiate,  the  gradual  deterioration  of  which  led  to  the 
extinction  of  most  of  these  animals,  while  in  Africa  they 
have  survived  and  greatly  multiplied.  Among  the  Euro- 
pean fossils  of  this  period  wo  find  some  of  especial  interest. 
Such  are,  the  genus  Hyonioachus,  mentioned  by  Dn  Sclater 
as  one  of  the  Indian  group  of  chevrotains  still  living 
isolated  in  West  Africa ;  a  monkey,  closely  allied  to 
Colobus  and  Semnopithecus  and  perhaps  an  ancestral  form 
of  these  two  groups  which  are  now  separated  in  Asia  and 
West  Africa.  Among  birds,  we  have  remains  of  the  snake- 
eating  secretary  bird ;  Necromis,  supposed  to  be  allied  to 
the  peculiarly  African  plantain-eaters ;  and  a  parrot  allied 
to  the  well-known  grey  paiTots  of  Africa.  Here,  then,  we 
have  traced  tbe  origin  of  the  resemblances  between  cer- 
tain animal  forms  of  tropical  Asia  and  We^t  Africa  to 
their  having  been  derived  from  a  common  source  in  the 
great  northern  continent,  and  we  are  justified  in  sup[)osing 
that  the  Fitta  angoienm  is  also  a  descendant  of  one  of 
these  Miocene  forms.  A  species  of  Pitta  even  now  inhabits 
Japan,  so  that  we  may  well  suppose  the  genus  to  have 
originated  in  Europe  or  Western  Asia  in  the  warm 
Miocene  period.  It  was  probably  once  more  abundant  in 
Africa^  but  J  along  with  the  Hyomoschus  and  the  crested 
hombill,  is  now  in  process  of  extinction  in  the  one  conti- 
nent, while  its  allies  continue  to  flourish  in  the  other. 


iThe  FrohUm  of  Allied  Fonm  in  all  the  Tropical  Begions, 

Leaving    for    the    present    the    next    three  case^   of 
difficulty  adduced  by  I)r,  SclatePj  we  will  pass  on  to  th^ 
—  ^  ^ 
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subject  of  allied  forms  occurring  in  the  tropics  of  both 
hemispheres.  Besides  the  barbets  (MegalBemidse)  which 
occur  in  the  tropics  of  Asia,  Africa,  and  America  in  almost 
equal  abundance,  we  ha\^e  the  trogons,  abundant  in  Asia 
and  America,  but  with  a  single  peculiar  genus  of  two  species 
in  Africa,  and  the  tapirs  confined  to  the  Malay  islands 
and  tropical  America ;  while  equally  i*enmrkable  are  two 
genera  of  snakes,  Dryiophis  and  Dipsadoboa,  confined  to 
West  Africa  and  tropical  America.  Towards  an  ex- 
planation of  these  cnnous  anomalies  we  have  the  very 
interesting  fact,  that  tapii-s  closely  resembling  those  now 
living  abounded  in  Europe  during  the  Miocene  period^ 
and  continued  to  live  in  the  Pliocene  jw^riod,  both  in 
France  and  England,  as  well  as  in  North  America,  This 
suggests  that  a  tropical  climate  is  not  essential  to  these 
animals,  and  that  their  present  restricted  range  is  due  to 
other  than  climatal  causes.  We  may  also  be  sure  that  if 
they  could  live  so  far  north  as  our  island  in  the  Pliocene 
period,  they  might  have  ranged  considerably  further  north 
during  the  earlier  and  warmer  Miocene.  The  only 
difficulty  is,  how  did  these  Miocene  tapirs  reach  America? 
and  if  we  can  find  any  reasonable  answer  to  this  question 
we  may  consider  that  it  will  equally  apply  to  all  the  other 
cases  which  have  been  men  tinned » 

The  close  relation  betiveen  many  of  the  extinct  mam- 
malia of  North  America  and  Europe  at  successive  periods, 
while  in  other  case^  entire  groups  have  always  been 
restricted  to  one  continent  onfy,  renders  it  cei-tain  that 
there  existed  at  several  distinct  epochs  some  land  con- 
nection sufficient  to  enable  terrestrial  animals  to  pass 
between  them.  The  sea  at  Behring  Strait  is  so  shallow 
that  we  may  safely  conciude  that  the  continents  of  Asia 
and  America  have  here  been  recently  connected,  while  the 
shallow  Okhotsk,  Japan,  and  Yellow  seas  indicate  a  large 
extension  of  the  lowlands  of  Eastern  Asia ;  but  the  very 
deep  ocean  comes  up  to  beyond  55"^  N,  latitude  on  the  east 
side  of  Kamschatka,  so  that  this  part  of  the  connecting 
land  would  probably  always  have  had  a  warm  temperate 
rather  than  a  tropical  climate.  On  the  European  side 
we  find  between  the  west  of  Ireland  and  Newfoundland  a 
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maximum  depth  of  about  12,000  feet,  but  with  large  areas 
between  5^000  and  10,000  feet  deep;  and  although  thia 
implies  an  immLrnse  subsidence^  it  is  not  very  improbable 
that  all  the  area  froui  this  line  northward  to  Greenland 
and  Iceland  was  dry  land  during  some  part  of  the  Miocene 
period.  In  support  of  this  view  it  may  be  noted  that  the 
Alps,  the  Pyrenees,  the  Rocky  Mountains,  and  even  the 
Himalayas,  were  all  in  early  Miocene  times  many  thousand 
feet  lower  than  they  are  now.  This  is  proved  by  the  fact 
of  Eocene  and  Miocene  marine  deposits  of  great  thickness, 
which  must  have  been  formed  in  rather  deep  water»  being 
found  elevated  from  ten  to  sixteen  thousand  feet  above 
the  sea-leveh  As  an  example  we  may  mention  the  Dent 
du  Midi  in  Switzerland,  where  marine  shells  of  early 
Miocene  or  late  Eocene  ty^Q  are  found  at  an  elevation  of 
10,940  feet;  and,  as  this  mountain  must  have  suffered 
enormous  denudation,  thes«  figures  can  only  represent  a 
portion  of  the  rise  of  the  land,  most  of  which  occurred 
during  the  Miocene  period.  To  balance  this  rise  over 
extensive  areas  on  both  sides  of  the  Atlantic,  there  must 
have  been  eorroaponding  areas  of  subsidence,  and  we  may 
fairly  locate  these  where  the  indications  of  palaeontology 
and  geography  concur  in  rendering  them  probable.  We 
have  already  seen  that  the  migrations  of  mammalia 
between  Europe  and  America  have  been  such  as  to  render 
some  land  route  necessary,^  while  the  broken -up  character 
of  the  coasts  of  Ireland  and  Newfoundland,  Labrador, 
Greenland,  and  Iceland,  with  the  extensive  bank  of  the 
Azores,  all  point  to  a  certiiiji  amount  of  recent  sinking  of 
land  on  the  outskirts  of  this  area  of  great  depression. 

To  Dr.  Sclater's  question — Where  did  the  tropical  land 
xist  which  affordi.^d  the  piissage  of  the  tropicopolitan 
forms  from  one  continent  to  the  other  ? — it  may  therefore 
be  answered :  It  existed  in  the  north  tempemte  zone 
during  some  part  of  the  Miocene  period,  at  the  time 
probably  when  a  rich  wann  temperate  flora  covered  what 
are  now  the  icy  wastes  of  Greenland  and  Spitzbergen.  In 
the  North  Atlantic  a  continuous  land  may  have  united 

^  ¥o^  partic!tilar«  uf  iheac  tiiigriLiiufifi  6e«  the  writer's   O^offrapkirtd 
"'^-^  lium  of  Animalitt  Yoh  i.  pp.  140,  153. 
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Europe  and  America  at  abjut  the  latitude  of  London, 

without  implying  a  gi-eater  amount  of  subsidence  than 
would  balance  the  elevation  which  wo  know  has  oocurmi 
over  extensive  areas  in  Europe  and  America.  We  alj^u 
know  that  two  of  the  most  characteristic  tropicopoliUin 
forms — the  tapirs  and  the  trogons — exist-ed  in  Enmpe  iJi 
Miocene  times;  and  every  geologist  will  admit  that  there* 
must  have  been  many  othera,  especially  among  hinh  and 
reptiles,  whose  remains  we  have  not  yet  tlignovered,  and 
never  may  discover.  The  tmnsnaiasion  at  siuiilar  forms  to 
tropical  Africa  ancl  Asia  has  already  been  explained  in 
reference  to  Fiita  anffoiensis:  and  thus,  it  ap|>ears  t<j  me» 
the  problem  of  tropicopolitan  forms  is  completely  solvefl 
without  making  any  assumptions  but  such  as  are 
warranted  by  admitted  geologiciil  and  palapontological 
facts.  It  has  been  necessary  to  treat  the  question 
oroadly  ^and  to  omit  many  details  which  reijuire  fuller 
elucidation.  I  can  only  now  call  attention  to  the  obvious 
fact  that  the  geological  age  of  the  rtiUiains  of  any  animal 
type  in  a  given  area  cannot  be  held  to  denote  the  period 
of  its  earliest  appeamnce  in  that  area  by  migmtion  or 
otherwise,  because,  till  it  became  somewhat  abundant^ 
there  would  be  little  chance  of  its  remains  being  preserved 
or  discovered.  This  will  apply  to  the  case  of  the  tapirs, 
which  are  supposed  to  have  migrated  to  North  America 
in  the  Miocene  period,  but  whose  fossil  remains  are  not 
found  in  any  depjsits  earlier  than  the  Pliocene. 

MclatioTW  between  the  WeM  India  and  Madagascar. 

We  will  now  return  to  Dr.  Sc later 's  fourth  problem,  that 
of  the  occun'cnee  of  the  curious  insectivorous  mammal, 
Soleuodon^  in  the  Antilles,  while  its  nearest  allies  are  to  be 
found  in  Madagascar.  By  the  help  of  the  conclusions  we 
have  already  arrived  at,  much  of  the  marvel  and  difficulty 
of  this  curious  case  of  geographical  distribution  vanishes. 
It  is  sitnply  an  extreme  instance  of  a  family  of  animals 
which  has  been  long  dying  out,  but  which  maintains  a 
lingering  existence  in  two  remote  island  groups  where  it  is 
comparatively  free  from  the  competition  of  higher  types. 


of 


and  where  the  general  physical  conditions  are  favourable. 
The  fact  that  the  family  Centctidae  conmsts  of  m%  very 
distinct  genera  (five  in  Madagascar  and  one  in  the 
Antilles)  is  a  sufficient  indication  that  it  was  once  an 
extensive  group.  In  the  Lower  Miocene  of  Auvergne,  the 
fossil  remains  of  a  small  animal  have  been  found,  which  is 
provisionally  classed  in  this  very  family ;  and  both  in 
Europe  and  America  a  considerable  numbor  of  the  remains 
of  Insectivora  of  peculiar  genera  have  been  discovered, 
iDdicating  that  this  order  of  mammals  is  a  very  ancient 
one,  which  prob^ibly  long  «ago  arrived  at  its  maximum  of 
development,  and  has  been  diminishing  in  proportion  aa 
the  larger  anti  more  perfectly  organised  forms  have  been 
increasing.  It  is  interesting  to  note  that  the  two  localities 
where  the  Centetida?  still  linger  have  many  remarkable 
'milarities  and  correspondences,  BiJth  are  insular  gi*oups 
of  the  first  rank ;  both  are  separated  from  their  adjacent 
continents  by  very  deep  sea;  both  are  situated  just  within 
tlie  line  of  the  tropic ;  both  are  subject  to  hurricanes ; 
both  are  very  mountjiinous ;  in  both  all  the  higher 
mammalia  are  very  deficient ;  and  the  differences  of  their 
forms  of  hfe  from  tht>se  of  the  adjacent  lands  are  such  aa 
t^>  indicate  that  they  have  both  rcmaincil  insulated  for  a 
considerable  period  geologically.  There  can  be  little 
doubt  that  these  resemblances  have  something  to  do  with 
the  continued  existence  in  both  of  isolated  membei's  of  a 
once  widespread  group  of  mammals^  of  a  compamtively 
low  type  of  organisation »  and  imable  to  bear  the  com- 
|>etition  to  which  they  have  been  exposed  in  continental 
areas.  The  same  principles  will,  of  course,  explain  the 
presence  in  Madagascar  of  a  mouse  allied  to  an  American 
gi*oup^  of  three  American  genera  of  coin  brine  snakes,  and 
of  lizards  belonging  to  the  peculiar  American  lamily 
Iguanid®,  as  well  as  of  the  beautiful  green  diurnal  moths 
"  f  the  genus  Urania,  and  several  beetles  of  decidedly 
South  American  affinities.  In  some  other  crises  we  have, 
as  it  were, a  relic  of  the  former  wide  extension  of  now  re- 
stricted groujKs.  Thus,  one  genus  of  snakes,  AhtetuUa,  is 
found  in  Africa  and  South  America  as  well  as  in  Mada- 
gascar ;  while  a  genus  of  geckoes,  Phylh>dactylus,  inhabits 
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also  America  and  Australia,  and  there  are  many  aitnilar 

cases  among  insects. 

After  what  ha8  been  now  advanced,  the  distribution  of 
the  lemurs  (which  forms  Dr,  »Sclatcr's  fifth  case)  will  offer 
little  difficult^\  Every  indication  points  to  this  l>eing  a 
group  of  groat  antiquity,  and  to  its  having  been  once  very 
widely  spread.  Its  still  existing  remnants  are  scattered 
from  Sierra  Leone  to  Celebes,  and  from  Natal  to  Eastern 
Bengal  and  South  China  ;  and  they  are  so  varied  that  they 
require  to  be  classed  in  three  distinct  families  and  thirtt*en 
genera.  Still  more  iuiportant  is  the  proof  of  their  extreme 
antiquity  affurflod  by  the  recent  discovery,  in  the  Eocene 
ileposits  of  the  South  of  France,  of  a  skull  of  an  unmis- 
takable lemur,  allied  to  one  of  the  still  living  forms  of 
West  Africa  known  as  the  "  Potto  '* ;  while  several  other 
fossils  of  the  same  age  are  also  believed  to  belong  to  the 
lemurine  gi*oup.  In  North  America^  too,  abundant  remains 
have  been  found  in  the  Lower  Eocene  deposits,  which  are 
believed  to  be  intermediate  between  lemui-s  and  the  South 
American  marmosets.  This  clear  evidence  both  as  to  the 
antiquity  and  the  wide  range  of  the  lemurs  renders  it 
quite  unnecessary  to  postulate  any  special  changes  of  sea 
and  land  to  account  for  their  actual  distribution.  In- 
habiting Europe  in  Eocene  times,  they  were  probably 
spread  over  the  whole  northern  continent,  and  woidd  as 
easily  migrate  southward  into  their  present  habitats  as 
the  hedgehogs,  the  civets,  the  chevrotains,  or  the  jiorcu- 
pines,  which  have  all  a  somewhat  similar,  but  far  more 
extensive  distribution.  Like  the  Centetida»,  the  lemurs 
find  Madagascar  best  suited  to  them,  more  no  doubt  from 
the  absence  of  competitive  forms  than  from  any  peculiar 
physical  conditions.  On  the  great  continents  they  are 
usually  scarce,  and  are  protected  by  their  nocturnal  habits 
and  by  frecjuenting  donse  forests.  They  thus  continue  to 
survive  in  the  midst  of  creatures  of  a  higher  type  and 
more  recent  origin  than  themselves,  and,  together  with 
the  opossums  of  America  and  some  of  the  smaller  mar* 
supials  of  Australia,  seem  to  have  handed  down  to  us 
a  sample  of  the  forms  of  life  which  flourished  in  the 
earliest  tertiary  or  even  in  mesozoic  times. 
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IHsiriimtion  of  Gigantic  Laftd^tortoises, 

The  last  case  of  anomaloua  distribution — that  of  the 
giant    land-tortoises    of  the   Mascarene   and    Galapagos 

islands — offers  perhaps  less  real  difficulty  than  any  of  the 
preceding,  on  account  of  the  existing  wide  range  and  the 
extreme  antiquity  of  the  genus  Testudo  to  which  they  all 
be  lung-  This  genus  occurs  in  the  Miacenc  deposits  of 
Europe  and  India,  and  in  the  Eocene  of  North  America ; 
and  living  species  are  abundant  in  Africa  and  Asia,  and 
are  also  found  in  South  Europe  and  North  America.  It 
has  cvitlently,  therefore,  been  a  dominant  gfoup  during  a 
large  portion  of  the  tertiary  epoch,  and  it  stiH  maintains 
a  vigorous  existence.  There  does  not  seem  to  be  any 
evidence  that  these  giant  species  of  the  two  hemispheres 
are  more  closely  allied  to  each  other  than  the  smaller 
forms  of  remote  regions ;  for  though  the  Galapagos 
tortoises  and  the  extinct  species  of  the  Mascarene  islands 
both  belong  to  a  flat-headed  type,  they  may  have  differed 
in  important  external  characters.  Their  gigantic  size  is 
Evidently  due  to  their  seclusion  for  countless  generations 
in  islands  where  they  were  entirely  free  from  the  attacks 
of  enemies,  and  where  they  could  procure  abundance  of 
(ood ;  both  natural  and  sexual  selection  giving  the  ad- 
vantage to  the  larger  and  stronger  individuals.  The  only 
difficulty  is  how  they  reached  the  Galapagos.  But  as  we 
may  go  back  to  the  middle  of  the  tertiary  epoch  for  this 
event,  it  is  not  an  improbable  supposition  that  the  coast 
of  South  America  then  extended  considerably  westward, 
while  the  islands  themselves  may  have  been  more 
-extensive,  thus  reducing  the  dividing  strait  to  a  width 
across  which  either  the  adult  animals  or  their  eggs  might 
he  floated  by  currents  or  surface -drifts.  Their  entrance  to 
the  Mascarene  islands  from  Africa  might  have  been  effected 
in  a  sitnilar  manner.  This  is  the  solution  suggested  by 
Dr,  Glinther  himself/  and  it  is  one  which  perfectly  har- 
iBionises  all  the  known  facts. 
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Gioselp  Allied  Forms  in  the  Same  Area^ 

The  only  other  difficulty  Buggested  by  Dr.  Sclater  i"ather 
applies  to  the  theory  of  natural  selection  itself  than  to 
geographical  distribution.  He  asks  how  we  are  to  account 
for  closely  allietl  to  mis  so  frequently  inhabiting  the  same 
area,  while  in  so  many  other  cases  allied  si>ecie9  are 
strictly  limited  to  distinct  areas,  to  the  diverging  physical 
and  organic  conditions  of  which  thej  are  supposed  to  be 
adapted.  We  think  that  Dr.  Scfater  has  himself  furnished 
a  clue  to  one  mode  of  solution,  in  his  statement  that  the 
willow- warbler  and  the  chiff-chaff,  though  so  alike  ex- 
ternally, are  yet  quite  distinct  in  mode  of  life  and  habits. 
It  is  evident,  that  a  variation  in  the  habits  of  a  portion  of 
the  individuals  of  a  si>ecies  would  lead  to  their  mutual 
association  and  at  the  same  time  to  their  separation  from  the 
parent  form,  and  would  thus  obviate  that  tendency  to  the 
intercrossing  of  the  diflferent  varieties  which  would 
undoubtedly  occur  if  the  variation  were  one  of  colour  or 
form  only.  Is  it  not  probable,  therefore,  that  where  two 
or  more  closely  allied  species  inhabit  the  same  area,  they 
have  arisen  at  jint  by  means  of  useful  variations  of 
instincts  or  habits;  while  those  which  inhabit  iidjacent 
but  separate  areas  may  have  arisen  by  favourable 
variations  of  colour,  fonn,  or  constitution  only  ?  In 
support  of  this  view  it  may  be  noted  that  the  coal  and 
marsh  titmice,  which  are  very  closely  allied,  differ  con- 
siderably in  habits ;  while  '  the  great  and  blue  titmice, 
which  are  very  different  in  extenial  characters^  agree 
closely  in  habits^  aod  are  often  seen  together. 


Sximvim^y  of  General  PHmiplcs. 

Returning  to  the  general  question  of  zoological  dis- 
tribution and  its  anomalies^  it  has  been  shown,  I  trust,  that 
the  only  mode  of  explaining  the  existing  distribution  of 
living  things  is  by  a  constant  reference  to  those  com- 
paratively slight  but  often  important  changes  of  sea  and 
land,  which  the  most  recent  researches  show  to  be  alone 
probable;  iind,  wdiat  is  still  more  important,  by  recognising 
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the  undoubted  fact  that  every  group  of  animals  whose 
"stribution  is  discontinuous  is  now  inore  or  less  in  a 
^fragmentary  conditionjand  has,  in  all  probability,  once  had 
a  much  more  extensive  range,  to  which  ite  present  dis- 
tribution may  offer  no  clue*  whatever.  Who  would  ever 
have  imagined,  for  example,  that  the  horse  tribe,  now 
confined  tu  Africit  and  Asia,  ibrmerly  ranged  over  the 
entire  American  continent,  north  and  south,  in  great 
abundance  and  %^ariety;  or  that  the  camel  tribe,  now 
confined  to  C«^ntml  Asia  and  the  Andean  region  of  South 
America,  formerly  abimnded  in  North  America,  whence  in 
fact  our  existing  camels  were  almost  certainly  derived  ? 
How  easy  it  is  to  imagine  that  anal<>g<nis  causes  to  those 
which  have  so  recently  exterminated  the  horses  of 
America  and  Europe  might  have  acted  in  a  somewhat 
djfierent  direction,  and  have  led  to  the  survival  of  hoi-se^  in 
Houth  America  and  Africa,  and  their  extermination  else- 
where. Had  this  been  the  case,  how  strong  would  have 
been  the  argument  for  a  former  uuian  ai'  these  two 
continents ;  yet  we  now  know  that  these  widely 
separ?ited  species  w<iulti  be  merely  the  relics  of  a  once 
.dominant  group  which  had  occupied  and  become  extinct 
in  all  the  northctm  continents. 

DiscovericH  of  extinct  forms  remote  from  the  countries 
they  now  inhabit,  are  continually  furnishing  us  with  new 
proofs  that  the  greiit  noithem  continents  of  the  two 
hemispheres  were  really  the  birthplace  of  almost  if  not 
quite  all  the  chief  forms  of  animal  life  upon  the  globe ; 
while  change  of  climate,  culminating  in  the  glacial  epoch, 
seems  to  have  been  the  motive  power  which  has  driven 
many  of  those  forms  into  the  tropical  lands  where  they 
now  alone  exist. 

If  we  give  full  weight  to  these  various  considerations, 
and  at  the  same  time  bear  constantly  in  mind  the 
extreme  imiwrfection  of  our  knowledge  of  extinct  land 
animals,  we  shall,  I  believe,  have  no  difficulty  in  explaining 
most  of  the  apparGufc  anomalies  in  zoological  distribution, 
and  in  imagining  a  possible  and  even  probable  solution 
for  those  extreme  cases  of  difficulty  which  the  facts  at  our 
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Let  119  now  briefly  summarise  the  general  principles  on 
which  the  solution  of  problems  in  zoologiciil  flistribution 
deptinds. 

During  the  evolution  of  existing  fonns  of  animal  life,  we 
may  picture  to  ourselves  the  production  of  successive 
t}^s,  each  in  turn  increasing  m  variety  of  species  and 
genera,  spreading  over  more  or  less  extensive  regions  of  the 
earth  s  surface,  and  then  after  arriving  at  a  maximum  of 
development,  passing  through  various  stages  of  dee^ij, 
dwindling  to  a  single  genus  or  a  single  species,  and 
finally  becoming  extinct  While  the  forms  of  life  are 
thus,  each  in  turn,  moving  on  fn>m  birth  to  maturity  and 
from  maturity  to  decay  and  death,  the  earth's  surface  will 
be  undergoing  important  physical  changes,  which  will 
sometimes  unite  and  sometimes  separate  contiguous 
continents  or  islands  leading  now  to  the  intermingUng,  now 
to  the  isolation*  of  the  progressing  or  diminishing  groups 
of  animals.  Again,  we  know  that  climates  have  often 
changed  over  a  considerable  portion  of  the  earth,  so  that 
what  was  at  one  time  an  almost  tropical  region  has  become 
at  another  time  temjmmte,  and  then  even  arctic  ;  and 
these  changes  have,  it  is  believed,  been  sevei'al  times 
repeated,  leading  each  time  to  important  changes, 
migrations,  and  extinctions  of  animal  and  vegetable  life. 

It  is  by  the  combined  effect  of  these  three  distinct  sets 
of  causcf^f  acting  and  reacting  on  each  other  in  various 
complex  ways,  that  those  curious  examples  of  erratic 
distribution  of  species  and  genera  have  been  produced 
which  have  been  so  long  a  pu55zle  to  the  naturalist,  but 
which  have  now,  it  is  believed,  been  shown  to  be  the 
natuml  and  inevitjible  results  of  the  process  of  animal 
development,  combined  with  constant  changes  in  the 
geography  and  in  the  climate  of  the  earth. 


The  meaning  of  the  term — now  become  a  household 
word  in  science — *'  the  origin  of  species/'  is  often  entirely 
misapprehended.  It  is  verj^  generally  thought  to  mean 
the  origin  of  life  and  of  living  things,  and  people  are  sur- 

Erised  and  almost  incredulous  when  told  that  Mr.  Darwin 
imself,  in  the  latest  edition  of  his  celebrated  work,  still 
refers  that  origin  to  divine  agency.  Such  however  is 
undoubtedly  the  case,  as  shown  by  the  following  passage 
which  concludes  the  volume :  "  There  is  ginndeur  in  this 
view  of  life,  with  its  several  powers,  having  been  origin- 
ally breathed  by  the  Creator  into  a  few  forms  or  into  one  ; 
and  that,  while  this  planet  has  gone  cycHng  on  according 
to  the  fixed  law  of  gravity,  frotn  so  simple  a  beginning, 
endless  forma  most  beautiful  and  most  wonderful  have 
been,  and  are  being,  evolved."  ^ 

The  mistjike  above  alluded  to  has  arisen  from  ignorance 
of  the  meaning  of  the  word  *'  species/'  the  '*  origin  *'  of 
which  Mr.  Darwin  undertakes  to  show.  A  species  may  be 
defined  as  a  group  of  individuals  of  animals  or  plants 
which  breed  together  freely  and  reproduce  their  like ; 
whence  it  follows  that  all  the  individuals  of  a  specie.^,  now 
living  or  which  have  lived,  have  descended  from  a  few 
common  ancestors,  or  perhaps  from  a  single  pair.     Thus  all 

^  In  a  letter  to  Sir  Joseplj  Hooker  in  1803,  Darwin  explains  that  in 
uaiQg  the  term  *'  Creator  "  he  reaUy  meant  *'  appeared  bj  some  wholly 
uakuown  process/'— adding — **ll,  k  mertj  rulibiih  thinking  At  ureaent  of 
the  origin  of  life ;  one  might  as  weU  think  of  the  urigm  0(  tn^ttef  '* 
{Li/£  and  Ldters,  lii.,  p,  18.) 
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horseSj  whether  Shetland  ponies,  racers,  or  cart-horses, 
form  ooe  species,  bec^iuse  they  freely  breed  together^ 
and  are  known  to  have  all  descended  from  a  commoa 
stock. 

By  the  Bame  test  the  common  asa,  the  kiang,  the  qnagga, 
and  the  zebra,  are  each  shown  to  be  distinct  species ;  for 
though  sometimes  two  of  these  species  will  breed  together, 
they  do  not  do  so  freely,  they  do  not  reproduce  their  like 
but  an  intermediate  form  called  a  mule,  and  these  mules 
are  not  capable  of  reproducing  their  kind,  as  are  the 
offspring  of  any  pairs  of  a  single  species.  What  Mr 
Darwin  did  was  to  prove,  by  an  overwhelming  array  of 
evidence  and  a  connected  chain  of  irresistible  argnmeut, 
that,  just  as  all  horses  and  all  asse^  have  each  desceDde4l 
from  a  few  common  aTicestors,  so  have  all  asses,  hoi^es, 
quaggas,  and  zebras  descDnded  from  a  much  more  remote 
oonimon  ancestral  form ;  and  that  the  same  thing  has 
occurred  with  every  group  of  allied  species.  This  is  the 
"origin  of  species"  by  descent  with  modificiition,  or,  in 
other  words,  by  evolution  ;  while '*  natural  selection'*  was 
the  term  applictl  to  the  set  of  natuml  causes  which  formed 
the  motive  power  and  guiding  principle  by  which  the 
change  from  one  species  to  another  was  brought  aboutt 

In  a  very  few  years  after  the  publication  of  this  theory* 
it  had  literally  extinguished,  among  all  thinking  men,  the 
doctrine  of  special  creation  which  had  before  largely  pre- 
vailed ;  and  some,  who  were  its  most  violent  opponents 
at  the  outset,  now  accept  the  fact  of  evolution  as  applied 
to  almost  every  group  of  organised  beings.  At  the 
present  day  there  is  perhaps  no  single  naturalist  of  repu- 
tation who  xipholds  that  doctrine  of  the  independent 
origin  of  each  species  of  animal  and  plant,  which  was  a 
very  few  years  ago  either  tacitly  accepted  or  openly  main- 
tained by  the  great  tnajority  of  naturalists.  Surely  no 
such  revolution  in  scientific  thought  was  ever  effected  by 
one  man  in  so  short  a  period  ! 

At  fii'St  the  opponents  of  Darwinism  opposed  evolution 
as  w^ell ;  but  of  late  years  the  opposition  is  directed  wholly 
to  the  adequjicy  of  the  causes  which  Mr»  Darwin  maiii* 
faii^  are  ^uffici^iat  to  explain  the  origin  of  each  species  * 
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AmA  fiflme  pre-eKisting  species,  and  therefore  the  origin 
of  all  existiDg  species  (roiii  some  one  or  more  ancestral 
forms.  1 1  IS  maintained  that  there  are  other  laws  at  work 
beBidea  natural  selection,  and  Mr  Darwin  has  himself 
admitted  that  there  probably  are  such.  Most  of  the 
opponents  of  Darwinism  iirgue  in  favour  of  liome  guiding 
or  organising  power^  either  internal  or  external,  as  abs^^- 
luttBly  necessary  to  the  production  of  the  kind  and  amount 
of  variation  necessary  for  the  developnient  of  the  various 
complex  organs  and  special  adaptations  which  characterise 
each  important  class  of  animals.  Others  go  still  further 
and  maintain  that  "  natural  selection  "  is  powerless  to 
produce  new  species  in  any  cs^e,  its  function  being  to 
keep  those  which  are  pnxluced  in  a  state  of  health  and 
perfection  by  weeding  out  all  that  ai-e  imperfect ;  or,  they 
ai^ue  that^  so  long  as  the  "  c-auso  of  variation  "  is  unknown 
the  power  that  pi'eserves  those  variations  when  they  have 
ariiien  plays  a  very  subordinate  pirt.  These  last  writeri 
maintain  that  the  causes,  whatever  they  are,  which  pro- 
duce certain  variations  in  certain  species  at  certain  times, 
are  the  true  and  only  causes  of  the  origin  of  species. 

Now  all  these  objections^  in  so  far  as  they  refer  to  the 
origin  of  the  different  species  of  one  gmms  from  a  common 
ancestral  species,  or  even  of  all  the  Bpemes  and  ^rftera  of 
one /am  ilf/  from  some  still  more  remote  ancestor,  may,  I 
think,  be  shown  to  be  invalid :  because  we  have  direct 
evidence,  almost  amounting  to  demonstration,  that  changes 
to  this  extent  are  producible  by  the  known  laws  of  vari- 
ation and  the  admitted  action  of  natural  selection.  But 
when  we  go  further  back,  and  pro|KJse  to  account  for  the 
origin  of  distinct  families,  orders^  and  classes  of  animals 
by  the  same  proce^^s,  the  evidence  becomes  far  less  clear  imd 
decLsive,  We  find  groups  possessing  organs  no  rudiment 
of  which  exists  in  other  groups  ;  we  find  classes  ditifering 
radically  in  structure  from  other  classes ;  and  we  have  no 
direct  evidence  that  changes  of  this  nature  are  now  in 
progress,  as  we  have  that  the  lesser  changes  resrdting  in 
new  ^ecies  and  new  ^eTura  are  in  pragress. 

Yet  the  evidence  that  the-se  deeper  and  more  important 
changes  in  the  structure  of  orgamsed  beings  have  taken 
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place  by  gradual  steps  through  the  ordinary  processes  of 
gieiieratioii  is  overwhelming.  The  numerous  int^jrniediate 
Irnks  that  have  been  discovered  both  among  living  and 
extinct  animalti,  and  especially  the  wonderful  conimunity 
perceptible  in  the  embryological  developniont  of  the  most 
diverse  living  t}^es,  force  upon  us  the  conclusion  that  the 
entire  animal  and  vegetable  kingdoms  owe  the  wonderfully 
diversified  forms  they  now  exhibit  to  one  unbroken  process 
of  '*  descent  with  modification ''  from  a  few  primeval  types. 
It  is  indeed  generally  assumed  that  if  we  go  so  far,  we 
must  iidmit  one  original  type  of  liviog  organism ;  but  this 
doe§  not  seem  necessary.  By  means  of  whatever  laws  we 
suppose  living  things  first  to  have  originated,  why  should 
not  the  primeval  germs  have  appeai-ed  several  timt^ 
independently,  and  m  forms  determined  or  modified  by 
the  infinitely  varied  chemical  and  physical  conditions  U> 
be  found  in  the  crust  of  the  earth  ?  The  identity  of 
ultimate  structure  and  the  wonderful  similarities  of  de- 
velopment of  all  organisms  may  be  due  to  the  unity  of 
the  laws  by  which  organic  life  was  first  produced ;  the 
diversity  of  the  great  types  of  animal  and  vegetable  forms 
may  be  due  to  the  operation  of  those  laws  at  different 
placeSj  acting  on  different  combinations  of  elements,  which 
are  subject  to  unlike  physical  conditions. 

The  point  here  insisted  upon  is,  that  the  origin  of  all 
organisms,  living  and  extinct,  by  '*  descent  with  moflifica* 
tion/'  from  one  primeval  germ  or  cell,  is  not  necessarily 
the  same  thing,  and  is  not  included  in,  **  the  origin  *>f 
species  by  means  of  natural  selection."  The  latter  we  not 
only  know  hiis  occurred ,  but  we  can  follow  the  process 
step  by  step  by  means  of  known  facts  and  known  laws ; 
the  formerj  w^e  are  almost  equally  certain,  has  occurred, 
but  we  cannot  trace  its  steps,  and  there  may  have  been 
facts  and  laws  involved  of  which  we  have  no  certjiin  know- 
ledge* The  terms  "  laws  of  growth,"  '*  laws  of  develof>- 
ment,'*  *'  laws  of  inheritance/'  "  laws  of  variation,"  **  laws 
of  correlation,*'  '*  direct  action  of  the  environment,"  *'  laws  _ 
of  habit  and  instinct/'  with  some  others,  are  used  to  I 
express  the  action  of  causes  of  w^hich  we  are  almost  wholly 
ignorantj  as  we  are  of  the  nature  of  life  itselt     Now  Mr. 
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Darwin  has  hiinself  admitted  that  ther€  are  these  iiDknown 
causes*  at  work^  aod  that  "  natural  selection  is  the  inoat 
important  but  nat  tht*  exclusive  means  of  niodtti cation." 
There  may  be  some  question  i\s  to  the  term  **  most  im- 
portant," if,  as  ie^  not  improbable,  the  most  radical  differ- 
ences in  animals  and  their  most  important  organs  could 
not  have  been  pmduced  by  it  akme  in  the  samt.-  way  a^ 
the  specific  modifications  of  a  genus  or  family  may  be 
proiluced.  This,  however,  is  a  fair  matter  for  discussion 
and  research,  and  will  probably  continue  to  be  ao  for 
many  generations  ;  and  even  if  ifc  should  be  ever  proved 
that  higher  laws  than  '*  natural  selection  "  have  brought 
about  the  more  fundamental  divergences  of  the  animal 
and  vegetable  kingdoms,  this  will  not  be  held  to  detract 
in  any  way  from  the  greatness  and  the  value  of  Mr, 
Darwin  B  work,  any  more  than  it  will  be  held  to  detract 
from  the  greatness  of  Newton,  if  it  should  ^uuie  ilay  be 
demc^nst rated  that  the  law  of  gravitation  as  expressed  by 
him  ia  not  absoluttOy  true,  but  that  (as  some  physicists 
now  sup|xise)  it  should  be  found  to  be  subject  to  a  higher 
law  for  remote  stellar  distanceSj  or  in  the  case  of  such 
exceptional  phenomena  as  those  presented  by  comets. 
^P  No  thoughtful  person  can  contemplate  without  amaze- 
^ment  the  phenomena  presented  by  the  development  of 
animals.     We  see  the  most  divei'se  forms— a  mollusc,  a 

■frog,  and  a  mammal — arising  from  apparently  identical 
primitive  cells,  and  progressing  tbr  a  tirue  by  very  similai' 
mitial  changes,  but  thereafter  each  puii^uing  its  highly 
complex  and  often  circuitous  course  uf  development^  witii 
nerring  certainty,  b}^  means  of  laws  and  forces  of  which 
we  are  almost  totally  ignomnt.      It  is  surely  a  not  im- 
probable  supposition   that    the    miknown    power   which 
determines  and  regulates  this  marvellous  process  may  also 
determine  the  initiation  of  those  more  luipijrtant  changes 
pf  structure;  and    those  developments  of  new  pvrts  and 
organs  which  characterise  the  successive  stages  of  the 
evolution  of  animal  forms.    In  so  far  as  Mr.  Darwin  denies 
the  necessity  of  any  such  jjower,  and  maintains  that  the 
origin  of  all  the  divei*se   foims  and    types  and  all    the 
niplex  structures  of  the  organic  world  are  due  to  identic 
VOL,   1*  IX 
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cally  the  same  laws  and  processeK  as  are  adequate  to 
procluce  thc^  different  epeeies  of  Rubus  or  of  Ganis,  from 
some  ancestral  bramble  or  dog  respectively,  his  oppononL^ 
have  undoubtedly  a  case  well  worthy  of  being  argued  out 
in  the  courts  of  iscience.  They  should,  however,  remember 
that  no  final  judgment  has  been  given  or  can  be  given 
while  the  evidence  on  both  sides  is  not  only  circunistantial 
but  imperfect  and  contradictory;  and  it  would  be  well  not 
to  declare  too  confidently  that  Mr.  Darwin V  theory  has 
hopelessly  broken  down,  since  a  majority  b<ith  of  naturalists 
and  geologists,  whose  evidence  as  experts  will  undoubtedly' 
have  great  weight  with  the  educated  public,  are  at  present 
altogether  in  his  favour. 

Mbw  Nm&  Specus  Jiave  OHginattd. 

Leaving  this  great  case  to  be  discussed  and  argued  m 
weighty  volumes  by  specialist**  in  science,  I  here  propose 
to  deal  briefly  with  that  much  smaller  but  still  imp<:>rtant 
question,  of  the  origin  of  the  speciss  of  a  genus  or  of  a 
family — that  is,  of  groups  of  organisms  differing,  as  the 
wolf,  dog,  and  fox  diifer*  among  animals,  or  as  the  numerous 
species  of  t>aks  or  of  primtilas  differ,  among  plants  ;  and  I 
hope  to  l>e  able  to  show  that  in  these  cases  there  is  hardly 
any  room  for  doubt  iis  to  the  mode  in  which  the  change 
from  species  to  species  has  been  effected. 

We  have  to  inquire,  then^  how  it  is  that  new  species 
have  arisen,  supposing  the  world  to  have  been  then  very 
much  as  it  is  now ;  and  what  becomes  of  them  after  they 
have  arisen.  In  the  firet  place  we  must  remember  that 
new  species  can  only  be  formed  when  and  where  there  is 
room  for  them.  If  a  continent  is  well  stocked  with  animals 
and  plants,  there  is  a  balance  between  the  different  species, 
those  best  adapted  to  the  varied  existing  conditions  main* 
taining  themselves  in  the  largest  numbei's,  while  othcn?, 
being  only  adapted  to  special  conditions  that  occur  in 
limited  arenas,  are  far  less  numerous ;  the  former  are 
common  and  widespread,  the  latter  rare  or  local  species.  1 
If  the  entire  group  of  organisms  in  any  country  has  existed 
for  a  sufficient  time  to  have  been  subjected  to  all  the 
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tying  conditions  which  occur  during  considerable  cycles 
if  climatal  and  other  changes,  the  balance  will  have 
teeome  well  established,  and  so  long  as  no  change  takes 
place  in  the  conditions  no  new  species  will  arise. 

But  now  let  us  suppose  some  change  to  begin,  either  of 
climate  or  geography.  The  land  may  sink  or  it  may  be 
elevated,  in  the  former  case  diminish iog  in  area  and  per- 
haps becoming  divided  by  an  arm  of  the  sea,  in  the  latter 
case  increasing  in  area  and  perhajjs  becoming  united  with 
extensive  lands  formerly  separated  from  it :  or  the  climate 
may  become  moister  or  drier,  hotter  or  colder,  more 
extreme  or  more  equable,  and  any  one  of  these  changes 
or  any  combination  of  them  would,  it  is  easy  to  see,  pro- 
duce a  special  effect  on  the  forms  of  life.  The  vegetation 
would  in  almost  any  case  become  changed,  and  this  would 
affect  both  the  insects  and  the  higher  animals  in  a  variety 
of  ways.  New  enemies  or  new  competitors  might  be 
admitted,  and  these  would  certainly  cause  the  extermina- 
tion of  some  of  the  rarer  species,  and  perhaps  greatly 
reduce  the  numbers  of  thnse  which  liad  been  most 
numerous.  Others  might,  from  the  s^inie  general  causes, 
obtain  fresh  supplies  of  food,  or  have  fresh  areas  over 
which  to  spread  themselves  opened  to  them. 

These  are  the  first  and  most  obvious  effects  of  such 
changes,  but  there  are  others  still  more  important,  and 
not  less  certain  to  be  prt)dnced.  We  have  supposed  each 
of  the  species  which  inhabited  the  country  to  be  well 
iidapted  to  the  conditions  of  its  existence,  to  be  able  to 
obtain  foo<l  for  itself  and  young,  to  protect  itself  against 
all  kinds  of  enemies,  antl  to  be  able  to  resist  the  ominaiy 
inclemencies  of  the  seasons,  and  to  do  all  this  in  com- 
petition with  the  numerous  other  species  by  which  it 
was  surrounded.  But  now,  we  suppose^  all  these  con- 
ditions and  surroundings  to  be  undergoing  change,  either 
at  the  same  time  or  in  sue  cession ;  and,  in  onler  to 
become  equally  well  adapted  to  the  new  conditions,  some 
of  the  species  will  require  to  nnderg<j  a  corresponding 
change,  either  in  structure,  habits,  colour,  or  some  other 
charactei^.  New  enemies  may  necessitate  greater  swift- 
ness, or  greater  cunning,  or  less  conspicuous  colours  ;  less 
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abundant  food  may  necessitate  some  modification  in 
stnicturt;  bett(?r  adapted  to  secure  it,  or  the  means  of 
ranging  over  a  wider  area  to  search  for  it ;  while  a 
severer  climate  may  necessitate  a  thicker  covt^ring,  or  tnort? 
nourishing  food,  or  new  kinds  of  shelter  To  bring  abont 
thei*e  changes,  **  variation  "  and  the  '*  struggle  for  existence*' 
come  into  play.  Each  year  the  forms  less  adapted  to  the 
altered  conditions  die  out,  while  those  variations  which 
are  more  in  haruiony  with  them  constantly  survive  ;  and 
this  pr(X!ess,  continued  for  many  hundreds  or  thousands  of 
successive  generations,  at  length  results  in  the  production 
of  one  or  more  luw  species* 

VaTmhiltiy. 

We  now  come  to  the  difficulty  whirh  has  been  repeatedly 

put  forward,  and  which  seems  very  great  to  all  who  have 
nf>t  studied  groups  of  species  as  they  occur  in  nature, 
and  which  is  expressed  in  the  question  "  How  comes  it 
that  variations  uf  the  right  kind  and  sufficient  in  amount 
have  always  occurred  just  when  they  were  wanted,  so  as 
to  fonn  the  endless  series  of  new  species  that  have 
arisen  ?  "  and  it  is  moix^  especially  to  answer  this  question 
that  the  present  chapter  has  been  written. 

Few  persons  consider  how  largely  and  universally  all 
animals  arc  varying;  yet  it  is  certain  that  if  we  could 
examine  all  the  individuals  of  any  common  species  we 
should  find  considerable  differences,  not  only  in  size  and 
cnloiir  but  in  the  form  and  proportions  of  all  the  [jart-s  and 
organs  of  the  body.  In  our  domesticated  animals  we 
know  this  to  be  the  case,  and  it  is  b^^  means  of  the  con- 
tinued selection  of  such  slight  varieties  to  breed  from 
that  all  our  extretuely  varied  domestic  animals  and  cul- 
tivated i»lants  have  been  produced.  Think  of  the  differ- 
ence in  ijx^vy  liuib.  In  everj'  bone  and  musele,  and 
l^njbably  in  every  part,  internal  and  external,  of  the  whole 
body,  between  a  greyhound  and  a  bull -dog !  Yet,  if  we 
had  the  whole  series  of  ancestors  of  these  two  breeds 
before  us,  we  should  find  them  gradually  converge  till 
tht\v  I'eachcn]  the  same  original  type,  while  between  no  two 
successive  generations  won  hi  there  be  any  gi^eater  difference 


I 


K. 


THE  ORIGIN  OF  SPECIES  AND  (GENERA 


2!ia 


lo 
of 
le 
in 

~fco 

W 


ilian  now  sometimes  occun?  in  the  same  litter.  It  is  often 
thought^  however,  that  wild  animals  do  not  vary  suffi- 
ciently to  enable  any  such  change  as  this  to  bo  bmught 
aboot  in  the  same  limitc'd  tiine  ;  and  though  naturalists 
are  well  aware  that  Lheri^  in  little,  if  any,  diflereneo  in 
this  respect  between  wild  and  domej^ticatetl  species,  it  is 
only  reeently  that  they  have  been  able  to  adduce  positive 
proof  that  this  is  the  case. 

We  owe  this  prorvf  to  an  American  naturalist,  Mr.  J,  A. 
Allen,^  who  was  the  first  to  make  a  series  of  observations 
and  measurements  of  the  mammals,  and  more  especially 
of  the  birds,  of  the Un iter!  States;  and  he  found  a  wontter- 
ful  and  altogether  unsuspected  amount  of  variation 
between  individuals  of  the  same  species  even  when  in- 
habiting the  same  loaility.  They  differ  in  the  general 
tint,  ant  J  in  the  distribution  of  the  culoui-s  and  markings  ; 
in  general  si^e,  ancl  in  |jropoj'tions  ;  in  the  length  uf  the 
hcful,  feet,  wings,  and  tail ;  in  the  length  of  [larticular 
feathers,  thus  altering  the  shape  of  the  wing  ()r  t4ul ;  in 
the  length  of  the  tai'si  and  i)f  the  sepanite  toes ;  and  in 
the  length,  wirlth,  thickness,  and  curvature  of  the  bill 
These  variations  are  by  no  means  small  in  amount  or 
requiring  very  accurate  measurements  fur  their  detection p 
mnco  they  often  reach  one-seventh,  one-sixth,  or  some- 
Imes  even  one-fotirth,  of  the  entire  average  dimensions. 

hus»  in  twelve  si>ecies  of  small  birds,  the  variatEon  in 
wenty-five  or  thirty  specimens,  all  taken  in  the  same 
locality,  and  of  the  same  sex  and  age  wa«,  in  the  length 
of  the  folded  wing,  from  145  to  21  per  cent,,  and  tn  the 
length  of  the  tail  from  14  to  234  per  cent.  If  wc  take 
individual  crises,  we  tind  equally  striking  facts,  Wilson*s 
Ihrush  (Ttirthts  fmccscens)  was  fovmd  to  vary  in  length  of 

ing  fnim  8'58  to  41  *5  inches,  and  in  the  tail  from  3*55 
to  4  inches.  In  the  Blue-bird  (Skilm  .wfU)  the  middle 
toe  varied  from  0  77   to  091  ineh,  and  the  hind  toe  from 

58  to  0'72  ineh ;    while  the  bill   varied    from  0*45  to 

^  '*Oii  iUe  MaTnmjkb  and  Winter  Birdp*  of  Kui^t  FluHtlii :  with  an 
Eiitjwidnfttion  of  certain  aMsutiK-d  Spei'iHo  Chdracters  hi  Bir<ls?.  ami  a 
Skeioh  of  the  Hinl  Kjiiinio  of  Eastern  North  America."  By  J.  A,  Alkii* 
\Biilhtin  qf  the  Mn/^etfrn  of  Cmnpfifntive  Zooioiji^  at  Hnn^rd  CtMt^ft 
Cambridgej  M&aa.,  vol.  if.  No.  3.) 
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0  5G  inch  in  length,  and  from  0*30  to  0'38  inch  in  width. 
In  the  Yellow-crowned  Warbler  {Dtndraicu  cortniata)  the 
quills  vary  in  proporti^inate  length,  ^o  that  the  firstj  the 
second,  the  third,  or  the  fourth,  m  sometimes  the  longest; 
and  a  similar  variation  of  the  wing,  involving  a  change  of 
proportion  between  two  or  more  of  the  feathers,  is  recorded 
m  eleven  speciej^  of  birds.  Colour  and  marking  vary  to  a 
still  greater  extent.  The  dark  streaks  on  the  nnder  parts 
of  the  American  Song-sparrow  (Mekispiza  ^nelodm)  are 
sometimes  reducefl  to  narrow  lines,  while  in  other  speci- 
mens they  are  so  enlarged  as  to  cover  the  greater  part  of 
the  breast  and  sides  of  the  body,  sometimes  uniting  on 
the  middle  of  the  brejist  into  a  nearly  continuous  patch- 
In  the  small  spotted  Wood-thrushes  (of  the  sub-i^enus 
Hylocichia)  not  only  does  the  general  tint  of  different 
parts  vary  gi^eatly,  but  this  is  accompanied  by  great 
variation  in  the  markings,  some  specimens  being  very 
pale  with  in  distinct  narrow  lines  on  the  breaat,  while  others 
have  dark  plun>age  and  dark,  broad,  triangular  niarkingB, 
It  must  be  rcimembered  that  all  these  differences  are  in- 
dependent of  those  dtie  to  age,  sex,  seasi>n,  or  loeiility,  and 
consist  solely  of  what  may  be  termed  the  normal  indi- 
vidual variation  of  the  species. 

It  is,  hi>wever,  often  supposed  that  variations  occur  at 
any  one  time  in  m?.*?/^  chan\cters  only,  all  the  rest  remain- 
ing invariable ;  and  it  is  objected  that  to  adapt  a  creature 
to  new  conditions  it  must  be  modified  in  several  wayn  at 
But  a  reference  to  the  tables  given  by  Mr.  Alien 


once. 


shows  that  this  coincident  variation  of  several  charticters 
does  exist  to  a  remarkable  extent.  He  has  given  the 
variation  of  no  less  than  nineteen  chanieters  in  ten  species 
of  biixls,  from  a  comparison  in  each  case  of  only  twenty 
specimens,  all  of  the  same  sex,  all  fully  adult,  and  all  taken 
in  the  same  localities.  On  marking  the  specimens  which 
have  each  character  at  a  maximum  or  minimum  develoji- 
meut,  we  find  the  most  curious  combinations.  Wo  find, 
for  example,  that  the  largest  specimens  have  not  always 
the  longest  wings  or  t4ul8.  ar  the  smallest  specimens  the 
shortest ;  the  |)ro|Kjrtion  of  the  different  p^irts  of  the  wing 
varies  quite  regardless  of  the  actual  dimensions ;   the 
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length  of  any  toe  varies  independently  of  the  length  of 
the  tarsus;  a  long  head  some  times  goes  with  a  short, 
sometimes  with  a  long  wing ;  while  the  width  of  the  bill 
seems  to  vary  independently  of  its  length  or  of  any  of  the 
other  parts  of  the  body.  All  these  variations,  too,  are 
very  considerable  in  amount.  Thus  among  twenty  male 
Baltimore  Orioles  the  total  length  varied  from  7  to  8 
iiches ;  the  wing  from  3"45  U)  3H5  inches ;  the  tail  from 
^70  to  3*10  inches ;  the  primaries  extended  beyond  the 
fndaries  from  0'56  to  0-90  inch;  the  tail  extended 
*nd  the  upper  coverts  from  1*37  to  TS?  inches; 
the  tarsus  varied  from  0*83  to  V02  inch;  the  hind  toe 
varied  from  0  62  to  0*75  inch,  and  the  middle  toe  from 
0'82  to  1*00  inch ;  the  head  vaned  in  length  from  1*50  to 
1^62  inches;  the  beak  in  length  from  O^/i  to  0'84  inch, 
and  in  width  from  0'32  to  0*38  inch.  And  if  those  differ- 
ences and  these  combinations,  indicating  many  diverging 
proportions  between  two  or  more  characters,  are  found 
among  only  twenty  specimens,  we  may  certainly  expect 
much  greater  differences  in  every  character,  and  these 
^differences  combined  in  an  endless  variety  of  ways,  among 
'the  millions  of  individuals  which  constitute  every  common 
ipccies.  Not  only,  therefore,  is  it  clear  that  there  is, 
among  birds  at  all  events,  ample  individual  variation  for 
natural  selection  to  work  upon,  but,  what  is  even  more 
important,  that  cmncukni  variaiioiis  in  every  ctmccivabk 
yCGmhiwilimi  are  also  available, 

I  Among  mammalia  we  have  fewer  materials  for  oom- 
parison,  but  there  is  good  reason  to  believe  that  they  are 
quite  as  variable  as  birds,  if  not  even  more  so.  Among 
twenty  males  of  the  Grey  Squirrel,  whose  dimensions  are 
given  by  Mn  Allen,  we  find  the  length  of  the  tail  to  vary 
as  3  to  4,  of  the  fore  foot  as  9  to  11,  and  of  the  hind  foot 
as  6  to  7.  The  Virginian  Opossum  also  varies  greatly  in 
colour,  and  in  the  size  and  proportions  of  all  the  parts, 
including  the  skiUl,  the  variation  amounting  to  nearly 
twenty  per  cent.^ 

I'  A  number  of  diAgrairis  iUustrating  tbe»@  and  &i&n^  other  fkcto  of 
variation^  are  given  in  my  JJanviniifm  (Chap.  II L}^  where  the  atibj^t  of 
the  uatiire  of  vn^riatioii  i^  riRH^  fully  dificuaaed. 
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If  now  we  consiider  the  population  of  a  species  with  re- 
gard to  ail}'  particular  character  or  coniUiimtion  of  chamc* 
ters,  we  may  divide  it  into  three  groups— a  central  group 
in  which  the  mean  or  avemge  development  prevails  with 
little  variation,  oik-  in  which  the  chamcter  is  eKcessiveH% 
and  one  in  which  it  is  little  developed.  These  group 
would  not  he  of  equal  extent,  the  central  portion— that  in 
which  the  mean  characteristics  prevailed — being,  in  acconi- 
ancc  with  the  law  of  averages*  much  more  nnmennis  thau 
the  extremes;  perhapg  twice  or  even  three  tinieij  as  great 
as  either  of  them,  and  forming  such  a  series  *ii^  the  follow* 
ing: — Maxinmm  development  ID,  mean  30,  minim  urn  10. 
These  figures,  whatever  their  exact  projKirtions,  would 
probably  be  pretty  constant,  for  we  have  no  reason  to 
believe  that  the  moan  characters,  or  the  amount  of  vari- 
ation of  a  species,  change  materially  from  year  to  year  or 
from  century  to  century;  and  we  may  then^fbre  h>ok  uptm 
the  centml  and  most  numerous  group  as  presenting  the 
typical  Ibrm  of  the  s|>ecies^  being  that  which  is  best  adapted 
to  the  conditions  in  which  it  has  actually  to  exist,  whilr 
the  extremes,  being  less  pertectly  adajiteil,  uit*  ctjntinually 
wer»ded  uut  by  natural  selection. 

Besides  the  individual  variation  above  noticed  in  biinis 
of  the  same  locality,  another  set  of  variations  app^-ars  in 
binls  of  the  sanu.^  species  inhabiting  different  localities. 
In  North  America  birtls  decrease  in  si^e  iks  they  inhabit 
l{)calities  further  sotith,  while  they  become  larger  as  we 
go  north.  In  mammalia,  on  the  other  hand,  there  is 
generally  a  decrease  of  size  both  north  and  south  froni  a 
centml  l>osition  where  the  species  is  at  a  maximum. 
Strange  to  s;iy,  the  bill  of  most  birds  increases  in  length 
towaras  the  south,  sometimes  relatively,  but  in  other 
cases  absolutely »  so  that  the  smaller  southern  bircls  some- 
timers  have  a  bill  actually  longer  than  the  northern  larger 
indiviiluals.  This  pecidiarity  occurs  in  the  genera  Quis- 
calus,Agei?eus, Troglodytes,  SeiuruSj&c,,  and  is  illustrated 
by  ntimerous  figures  in  Mr.  AllenV  work.  In  some  ease*, 
as  in  the  American  crow,  the  bill  is  s^i*  much  larger  in  the 
south  that  the  Florida  birds  have  baen  recognised  ns  a 
cfistinet  named  varietv, 
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^  Colaur  also  varies  greatly  in  correspondence  to  latituHe 
and  longitude.  Dark-coloured  birds  are  s^iid  to  become 
blacker  towards  the  south  ;  in  othei^  the  yellow  or  red 
bands  become  deeper;  while  in  those  transversely  banded, 

■  the  dark  bands  become  broader,  and  the  light  ones  nar- 
rowen  Those  with  white  spots  or  bands  have  theni 
smaller  in  the  south,  and  sometimes  lose  them  altogether. 
These  differences  are  sometimes  so  great  that  the  ex- 
treme northern  and  southern  forms  might  be  considered 
distinct  species  were  it  not  for  the  perfect  gradation  of 
intermediate  types  in  the  intervening  localities.     There  is 

^  also  an  increase  of  intensity  of  colour  from  east  to  w*est. 

H  as  exhibited  by  the  same  or  by  closely  allieti  representa- 
tive species  inhabiting  the  Atlantic  and  Pacific  coasts 
respectively.  In  the  desert  plains  of  the  interior,  how- 
ever^  the  colours  are  paler  than  on  either  coast;  but  this 
is  DO  doubt  a  protective  modirtcation,  aasimiiating  the 
tints  of  animals  to  the  rock  or  surface  soil  on  which  they 
dwelL  In  some  cases  well-marked  varieties  of  the  same 
species  appear  to  be  confined  to  the  Eastern  »S tales  and 
to  California  respectively,  iiis,  for  example,  the  eastc»rn  and 
western  forms  of  Bewick's  Wren  ( Tkrf/olhm^m  Beurickit), 
which  dififer  greatly  in  tlie  length  of  the  bill,  although 
otherwise  almost  identical ;  and  as  these  two  fivrms  do 
not,  so  far  as  yet  known,  anywhere  intcrm ingle,  they 
aflPtjrd  a  good  example  of  the  fii*st  step  in  the  formation 
of  a  new  species.  The  beautiful  pui*}'jle  finch  (Oai-jmHaciis 
piirpttreiL'^)  of  the  Eastern  S twites,  aiul  its  western  form, 

I  which  has  been  named  miiformens,  perhaps  form  another 
example;  but  until  the  range  of  these  birtls  is  fully  and 
accumtely  determined,  we  cannot  be  sure  that  there  is  not 
some  limit(*tl  area  where  the  tw^i  fonns  interuiingle  and 
'      their  distinctive  chanicters  disappear* 

From  the  fact  of  variation,  so  extensive  as  regards  the 
number  of  variuble  eharactei-s  and  so  large  in  absolute 
^  mnt^unt  as  hjis  now  bet*n  proved  to  exist  in  many  species, 
■  "we  may  fai Hy  draw  the  conclusion  that  analogous  varia- 
tions,  sometimes  of  less  and  sometimes  of  greater  extent, 
is  a  general  chaitietenstic  of  animals  in  a  state  of  nature  ; 
and  with  such  materials  to  w'ork  with,  it  becomes  easy 
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to  understand  how  new  species  may  arise.  For  example, 
the  peculiar  physical  or  organic  conditiani^  that  render 
one  part  of  the  area  occupied  by  a  species  better  adapl 
to  an  extreme  variety  may  become  intensified.  The  mc 
extreme  variations  in  this  direction  will  then  have  the 
advantage,  and  will  multiply  at  the  expense  of  the  rest. 
If  this  change  of  conditions  should  extend  over  the  whole 
area  occupied  by  the  species,  this  one  extreme  fonn  will 
replaeo  all  the  others ;  while,  if  the  area  should  be  cut  in 
two  by  subsidence  or  elevation,  the  conditions  of  the  two 
portions  may  be  modified  in  opposite  directions,  each 
becoming  iuiapted  to  one  extreme  form.  The  original 
type  of  the  species  will  then  have  become  extinct,  being 
replaced  by  two  species,  e*ich  distinguished  by  a  com- 
bination of  certain  extreme  chamcters  whicjh  had  before 
existed  in  some  of  its  varieties. 

Effect  of  Changtd  Environmrni. 

The  changes  of  conditions  which  lead  to  such  selection 
of  varieties  are  very  diverse  in  their  nature;  and  new 
species  may  thus  be  formed  diverging  in  many  ways  from 
the  |jaix*nt  ntock.  The  climate  may  change  i'rom  moist  to 
dry,  or  the  reverse,  or  the  temperature  may  increase  or 
diminish  during  long  periods,  in  either  case  requiring 
some  coiTesponding  change  of  constitution,  of  covering, 
of  vegetable  or  of  insect  food— -to  be  met  by  the  selection 
of  variations  of  colour  or  of  swiftness,  of  length  of  bill, 
or  of  strength  of  claws.  Again,  competitors  or  enemies 
may  arrive  from  adjacent  countries,  giving  the  iid vantage 
to  such  varieties  as  can  change  their  food,  or  by  swifter 
flight  or  greater  wariness  can  escape;  their  new  foes.  In 
this  way  several  series  of  changes  may  occur,  each  brought 
about  by  the  pressure  of  changed  conditions;  and  thus 
what  was  before  a  single  species  may  become  ti'ansformed 
into  a  group  of  allied  species,  differing  from  each  other 
in  a  number  of  slight  characters,  just  as  we  find  them  in 
nature. 
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Sow  Gemra  Originate, 

Let  us  now  see  how  the  same  prindples  will  explain 
the  origin  of  genenx.  A  genus  is  a  grotip  of  allied  species 
which  differs  from  all  othor  groups  in  .some  well -marked 
characters  of  a  strudiiml  rather  than  of  a  superji trial 
nature.  For  example,  species  of  the  same  genus  usually 
differ  from  each  other  in  size,  in  colour  or  markings,  in 
the  propfirtion  of  the  limbs  or  other  organs,  and  in  the 
fonn  and  size  of  such  super-ficial  appendages  as  horns, 
crestSt  manes,  and  the  accessory  ornamental  plumes  of 
bird^ ;  but  they  genenilly  agree  in  the  form  and  structure 
of  impoi-tant  organs,  as  the  teeth,  the  bill,  the  feet,  and 
the  wmgs.  But  when  two  groups  of  species  differ  from 
each  other  constantly,  and  to  a  well-marked  degree,  in 
one  or  more  of  these  latter  characters,  they  are  aaid  to 
belong  to  distinct  genera ;  and  w^t-  have  seen  that  species 
vary  in  these  as  well  as  the  more  superficial  characters — 
the  bill,  the  feet,  and  the  wings  varying  in  size  and  pro* 
portions  Just  iis  frequently  as  do  the  colours  or  the  orna- 
mental parts  of  the  plumage.  If  theu,  in  any  portion  of 
the  area  occupied  by  a  species,  some  important  change  of 
habits  becomes  useful  to  it^  all  such  dradtcral  variations 
as  facilitate  the  change  will  be  accumulated  by  natural 
selection,  and  when  they  have  thus  acquired  the  pro- 
portions most  beneficial  under  the  altered  conditions,  we 
shall  have  the  first  species  of  a  new  gcjuts. 

A  creature  which  has  been  thus  modified  in  important 
characters  will  form  a  new  tyiK3,  specially  adaptcil  to  fill 
its  place  in  the  economy  of  nature.  It  will  almost  cer- 
tainly have  arisen  from  an  extensive  or  dominant  gi*oup, 
because  such  only  are  sufficiently  rich  in  individuals  to 
afford  an  ample  supply  of  the  needful  variations,  and  it 
will  therefore  inhent  the  vigour  of  constitution  and 
iidaptability  to  a  wide  range  of  conditions  which  gave 
success  to  its  ancestors.  It  w^ill  thus  have  ever}*  chance 
in  its  favour  in  the  struggle  for  existence;  it  may 
spread  widely  and  displace  some  of  its  nearest  allies,  and 
in  doing  this  wilt  extend  into  new  areas,  where  it  will  be 
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subject  to  a  somewhat  altered  set  of  conditions,  and  by 
further  Viiriation  and  selection  may  become  the  ]>arent  of 
a  number  of  suborrlinate  species.  It  will  now  have 
become  a  dominant  genus,  occupying  an  entire  continent, 
or  perhaps  even  two  or  niore  continents,  spreading  an  all 
sides  till  it  meets  with  competing  forms  better  adapted  to 
the  conditions  which  there  prevail. 

Such  a  genus  may  continue  to  exist  (hiring  long  gcoio- 
gical  epochs.  Bats  of  the  genus  Vcspertiiio  lived  in  the 
Eocene  period,  and  still  range  over  all  the  globe,  while 
fo.ssiI  land  shells  of  the  genu^^  Pupa,  hai^dly  distinguishable 
from  some  now  livings  are  found  in  the  ancient  carboni- 
ferous deposits,  (ienerally,  howevc^r,  a  time  conies  to 
every  genus  when  either  physical  changes,  or  competing 
forms,  or  new  enemies,  are  too  much  for  it,  and  it  begins 
to  lose  its  supremacy.  First  one,  and  then  another  of  its 
species  dwindle  away  and  become  extinct,  till  at  last  two 
or  three  only  remain.  Sometimes  these  socm  follow  the 
others,  and  the  whole  genus  dies  out,  as  thousands  of 
genem  have  died  out  during  the  long  course  of  the  earths 
life- history ;  but  it  also  often  happens  thai  a  few  gpecies 
continue  to  maintain  themselves  in  areas  where  they  are 
removed  from  the  influences  that  have  extenuinated  their 
fellows.  Thus  the  mudfish  of  Queensland  (Ceratodus 
F&^rderi)  and  the  Trigonia,  a  bivalve  mollusc  of  the  Aus- 
tralian seas  arc  the  only  living  rcprcsentJitives  of  genera 
which  lived  in  the  Triassic  period. 

I  have  now,  I  think,  shown  that  one  of  the  most  general 
objections  to  natural  selection  as  producing  new  species— 
namely,  that  there  are  enormous  chances  agaitijst  the  right 
kind  of  variations  occuning  just  when  they  are  required— 
is  utterly  fallaciouy,  by  proving  that  there  is  ample  varia- 
tion of  every  kind  constantly  occurring  among  animals  in 
a  state  of  nature.  It  hiis  also  been  show^n  that  many 
different  kintis  of  variation  are  occurring  at  the  same 
time,  and  in  endlessly  varied  combinations,  so  that  any 
required  combination  of  characters  could  be  selected  as 
well  as  any  Bingle  character.  And  when  we  consider  the 
extreme  itiowness  of  almost  all  the  changes  of  conditions 
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hich  lead  to  the  selection  of  new  funns,  and  the  enormous 

lectiog   power  brought    to   bear    owing   to    the    mpid 

incretise  and  correspunding  great  annua!  mortality  among 

all  animals,  it  is  inipuiisible  to  doubt  that  the  means  are 

I  equate  to  the  result  To  bring  these  means  clemOy 
fure  our  readers,  let  us  suppose  that  a  ]>air  of  birds 
produce  every  year  six  young,  and  that  they  live  for  five 
jeans.  We  thtis  have  thirty  bii*ds  out  of  whieh  to  replace 
!lhe  two,  so  that,  on  the  average,  at  least  twenty *eight 
must  die  during  this  time,  and  many  more  if  any  of  these 
live  to  breed  along  with  their  parents.  This  gives  us,  as 
a  minimum,  a  destruction  every  five  yean^  of  fourteen 
tintea  as  many  birds  as  exist  at  any  one  time.     Now  let 

s  suppose  a  change  going  on  which  renders  it  beneficial 
or  a  species  to  obtain  longer  wings  in  order  to  escape 

rom  st>me  enemy,  anfl  a  stronger  bill  to  enable  it  to 
c^ipture  some  fresh  iuHect,  both  of  which  (the  enemy  and 
the  insect)  are  gnwlualiy  increasing  in  the  country,  Varia- 

ions  of  both  these  kincls  cfccur  in  abundance  every  year, 

o  an  auiuunt  measured  by  ten  or  twenty  per  cent,  of  the 
^average  dimensions.  Either  of  the  variations  would  be 
useful  and  would  be  preserved  separately,  while  the  com- 
bined variatitm  would  be  doubly  usetul  and  would  also  be 
preserved  whenever  it  appeart^d,  A  race  in  which  these 
two  charactem  were  from  ten  to  twenty  per  cent,  above 
the  avcnige  would  therefore  be  easily  produced  in  twenty 
or  fifty  years ;  while  in  a  thousand  or  five  thousand  years 
a  change  amounting  to  thirty  or  forty  per  cent — ^far 
greater  than  distinguishes  many  species— would  probably 
be  brought  about.  This  illustration,  I  think,  renders  it 
clear  that  the  extrtme  slowness  of  the  action  of  natural 
selection  on  which  Mr.  Darwin  repeatedly  dwells,  is  by  no 

tieans  an  essential  charact^-'ristic  of  it,  but  is  only  due  to  the 
fact  that  |jhysical  and  other  conditions  usually  change  with 
extreme  slownesa  But  if,  as  must  often  have  happened, 
conditions  have  changed  with  comparative  mpidity,  then 
the  enormous  amoout  of  individual  variation,  which  would 
be  taken  advantage  of  c€er^  ytar  by  the  survival  of  the 
fittest,  Tuight  effect  changes  in  a  single  century  quite  as 
great  as  those  which  distinguish  nearly  allied  sspecies. 
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Sujoposid  Ifeeemiy  of  showing  tM  Cause  a/  Variaiiim. 

Another  objection  which  is  dwelt  upon  with  consitant 
reiteration  by  Mr.  Darwin's  critics  is.  that  he  has  not 
shown  the  cuum  of  variation,  and  that  whatever  it  is  thai 
causes  variation,  thai  is  the  real  "  origin  of  species:"  This 
has  always  seem  id  to  me  one  of  the  roost  unmeaning  and 
irmtiotml  of  objections,  because  every  erplatuiUofi  must 
take  as  a  basis  well-known  facts  to  explain  obscui'e  phe- 
nomena. When  the  geologist  explains  how  the  c*intoiir 
of  a  countrv  has  been  formed  by  roin  and  ice,  it  is  not 
said  that  he  h^is  explained  nothing  unless  he  goes  on  to 
show  exactly  how  luin  and  snow  are  fonncd,  or  even  goes 
further  back  to  the  auise  of  gravitation  which  is  really 
what  gives  them  all  their  power  to  do  any  work;  and 
when  the  physicist  explains  how  thunder  and  lightning 
are  produced  by  a  reference  to  the  electric  spark  and  its 
acconipanying  sound,  he  is  not  told  that  the  explanation 
is  valueless  tdl  he  has  discovered  the  nature  and  cause  of 
electricity  itself. 

But  we  may,  I  think,  go  further,  and  say  that  variation 
is  an  ultimate  fact  of  nature,  and  needs  no  other  explanation 
than  a  reference  to  general  ]>rinciploa  which  indicate  that 
it  cannot  fail  to  exist.  Does  any  one  ask  for  a  reason  why 
no  two  gravel -stones  or  beach* pebbles,  or  even  grains  of 
sand,  ai-e  absolutely  identical  in  size,  shape,  surface^ colour, 
and  composition  ?  When  we  trace  back  the  complex 
&c»riea  of  causes  and  forces  that  have  led  to  the  production 
of  these  objects,  do  we  not  see  that  their  absolute  identity 
would  be  more  remarkable  than  their  diversity  ?  So,  when 
we  consider  how  intinitely  more  complex  have  been 
the  forces  that  have  produced  each  individual  animal  or 
plant,  and  when  we  know  that  no  two  animals  can  possibly 
have  l>een  subject  to  identical  conditions  thmughout  the 
entire  course  of  their  development,  we  see  that  perfect 
identity  in  the  result  would  be  opposed  to  everything 
we  know  of  natural  sgencies*  But  variation  is  merely 
the  absefice  of  identUt^,  and  therefore  requires  no 
further  explanation  ;  neither  do  the  diverse  amounts  of 
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variation,  for  they  con'espond  to  the  countlesa  divensities 
of  conditions  to  which  animals  have  bt^en  exposed  either 
during  their  own  development  or  that  of  their  ancestoi-s. 

This  objection  has  really  its  only  possible  jnstification 
in  the  ignorant  belief  that  variations  of  any  tangible 
amount  arc  mre  events  occurring  at  long  intervals;  and 
therefore  that  when  any  combination  of  special  variations 
wius  needed  to  bring  an  animal  into  harmony  with  changed 
conditions,  the  number  of  individnals  varying  would  not 
be  sufficiently  gr^-at  to  prevent  their  being  conjpletely 
swamped  by  the  typical  unvarying  fonns.  Had  such  been 
the  case  J  some  agency  capable  of  producing  a  considemblc 
amount  of  variation  when  renuired  would  undoubtedly 
have  been  needed,  and  this  unknown  agency  might  fairly 
have  been  claimed  to  be  one  of  the  most  im[x>rtant  tactors 
in  the  *'  origin  of  species."  But  now  that  it  is  proved  by 
many  independent  observations,  that  a  large  percentage  of 
the  individuals  of  most  species  vary,  in  each  successive 
generation,  to  an  amount  iixr  greater  than  is  required  for 
natural  selection  to  act  uptm,  the  whole  difficulty  ceases 
to  exist.  Variation  is  seen  to  be  one  of  the  most  constfint 
and  universal  facts  of  nature,  always  pmducing  what  njay 
be  termed  the  raw  materials  of  species  in  overflowing 
abundance,  so  that,  whenever  and  wherever  alteration  t>t' 
the  conditions  of  existence  is  going  on,  there  is  always 
ready  to  h*and  an  ample  stock  of  varying  organisms,  lay 
means   of  which  an  almost  exact  adjustment   to   those 

:>nditionB  may  bi3  kept  up, 

The  facts  and  arguments  now  adduced  will,  it  is  hoped, 
enable  intelligent  readers  who  am  not  natumlists  to  form 
a  clear  conception  of  what  is  really  meant  by  ''  the  origin 
of  species  by  means  of  natural  selection,'*  and  will  satisfy 
them  that  the  most  common  and  what  seem  at  first  sight 

be  the  most  weighty  objections  to  it,  owe  all  their  force 

the  ignoring  of  some  of  the  best  established  fiicts  in 

tural  history, 

I  have  also  attempted  to  show  that  the  causes  which 
have  produced  the  separate  species  of  one  gam^,  of  one 
^mhiltj^  or  perhaps  of  one  m^di^  from  a  common  ancestor, 
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are  not  necessarily  the  same  as  those  which  have  produced 
the  separate  orders,  classes,  and  sub-hingdanu  from  more 
remote  common  ancestors.  That  all  have  been  alike 
produced  by  "descent  with  modification"  from  a  few 
primitive  types,  the  whole  body  of  evidence  clearly 
mdicates;  but  while  individual  variation  with  natural 
selection  is  proved  to  be  adequate  for  the  production 
of  the  former,  we  have  no  proof  and  hardly  any  good 
evidence  that  it  is  adequate  to  initiate  those  iraporUmt 
divergences  of  type  which  characterise  the  latter.^ 

'  .Since  this  chapter  was  written  the  argument  has  been  strengthened 
hy  numerous  additional  observations  of  variation  by  other  naturalists, 
many  hundreds  of  individuals  of  a  species  being  measured ;  and  in 
every  case  variation  to  a  large  amount  has  been  found  to  exist  in  every 
part  or  organ  thus  tested. 


CHAPTER  XV 

A   CUITIC   OF   NATURAL   SELEOTIOX    ANSWEKED 

Ix  Natural  Science  of  July,  1894,  the  Rev.Geurgo  Henslow 
makes  some  statements  with  regard  to  variation  and  Natu- 
iiil  Selection  which  call  for  critical  remark,  especially  as 
they  have  been  treated  with  great  detail  in  a  popular  work 
by  the  same  writer,  and  are  thus  likely  to  spread  erroneous 
views  as  to  Darwin's  discoveries,  as  well  as  to  the  general 
theory  of  Evolution  through  variation  and  the  survival  of 
the  fittest.     He  says  that,  though  cultivated  plants  vary 
inch  finitely,  and   therefore  recpiire    selection    to    produce 
definite  modifications,  this  is  not  the  case  in  Nature — 
**  Variation  in  Nature  is  always  in  strict  adaptation  to  the 
direct  action  of  the  environment ;  in  other  words,  natural 
variation  is  always  definite:'     This  statement  seems  to 
me  so  extraordinary,  and  so  opposc^d  to  well-known  facts, 
that  I  can  only  impute  it  to  tlie  use  of  the  terms  "  vary  " 
and  "  variation "  in  two  very  distinct    senses ;    fii-st,  as 
meaning  those  individual  variations  whicli  occur  abund- 
antly   both    in    nature    and     under    cultivation ;     and, 
secondly,  as  meaning  those  particular  variations  which 
alone  survive  under  nature  and  produce  either  a"  variety  " 
or  ultimately,  a  '*  species."     In  this  latter  sense,  of  coui"se, 
**  natural  variation*'  is  definite ;  but  so, in  the  Siime sense, 
arc  the  variations  of  cultivated  plants.     From  unstable 
and  indefinite  **  variations''  man  and  nature  alike  produce 
definite  "  varieties."     As  one  out  of  the  innumerable  ex- 
amples of  indefinite  variation  which  might,  be  wavw^d.^x^ 
VOL.  L  ^ 
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the  fifteen  different  modes  of  variation  obflerverl  by  Alph. 
do  Candolle  on  a  single  oak  tree,  while  in  a  greatf  number 
of  common  Kpecies  an  oquiil  amount  of  variability  may  be 
observed  botn  in  wild  and  cultivated  individnaln ;  and  all 
these  variations  are  indtjmUt,  in  the  sense  that  they  do 
not  usually  oecur  in  one  direction  only,  from  ixtt  typical 
fonn.  A  few  examples  of  such  variations  have  l^en  given 
in  my  Darwinism,  pp.  76—80.  I  cannot,  therefore, 
imdemtand  either  tho  meaning  or  the  value  of  the  state- 
ment— **  imtural  va nation  is  ahvays  definite'^ 

It  is  not  quite  clear  whether  Mr  Hcnslow  admit^^  the 
agency  of  Natural  Selection  at  all  He  niiys:  ''I  would 
i\sk  vf  hat  fads  are  producible  to  prove  that  Natural  Selec- 
tion acts  at  all  on  the  maintenance^  if  not  the  origin,  of 
any  floml  and,  indeed,  other  structures  ?  *'  It  is,  of  course, 
adoiitted  that  direel  proof  of  the  action  of  Natuml  Select 
tion  is  at  present  wanting:  but  the  indirect  proofs  havo 
been  so  cogent  as  to  overcome  the  moat  violent  prejudice 
and  opposition,  and  to  convert  a  large  majority  of  natu* 
ralists  to  a  belief  in  its  agency.  It  is,  therefore*,  mther 
late  in  the  day  to  deny  its  existence  without  adducing 
some  adequate  and  proved  substitute. 

Mr.  ffe7isl&w*s  Theory. 

Mr*  Henslow's  contention  is  that  the  reaction  of  vege- 
table tissues  to  the  environment,  is  the  direct  cause  of 
adaptation  :  and  in  the  s[>ecial  case  of  Howei^  he  imputes 
all  the  variety  of  form  and  endless  modifications  of  strue- 
t\ire  to  **  the  responsive  action  of  the  prot-ojilasm,  in 
consequence  of  the  irritations  set  up  by  the  weights, 
pressures,  thrusts,  tensions,  &c.,  of  the  insect  visitors/'  * 
Now  the  very  first  essential  to  this  theory  is  to  [irove  that 
modifications  prtxluced  by  such  irritations  ai^c  hereditary. 
Here,  if  anywhere,  we  want  facts.  Yet  in  the  very  inter- 
esting volume  to  which  Mr.  Henslow  refers  us,  cmwded 
as  it  is  with  facts  and  observations,  I  can  find  only  two  or 
three  slight  inferences  to  this  most  vital  point.  At  page 
147  of  thtJ  same  volume,  he  quotes  Darwin  as  saying  that 
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the  excellence  of  our  milking  cows  and  goats  may  be 
attributed  partly  to  selection  and  ''partly  to  tJu  inJtsriUd 
^fftct  of  th€  ijtcrmsed  adwn,  thro^iigh  ^muns  art,  of  the  merit- 
ing f^iand^"  iind  he  adds,  '*  This  fact "  is  strictly  analogous 
to  what  takes  place  in  the  vegetable  kingdom  !     Here  we 
have  a  mere  opinion  of  Darwin^B,  nowhere  supported  by 
ilirect  observation  or  exjx^riment  and  now  senously  chal- 
lenged by  a  largo  body  of  naturalistii,  sot  forth  as  **  a  fact.** 
Again,  at  page  157,  the  case  of  the  variouii  '*  ant-plants*' 
*if  the  eastern  tropics  is  referred  to,  and  it  is  stated  that 
Dr.  Beccivri  explains  the  curious  hollow  stem  in  which  the 
ants  dwell  as  partly  due  to  the  irritation  of  the  ants 
inducing  h\i>ertrophy  of  the  vegetablo  tissue,  which  **  then 
becomes   hereditaiy "  ;  and  Mr.    Hcnslow  concludes  that 
there  is  abtmdant  evidence  to  prove  that  many  organs  of  a 
plant,  if  subjected  to  irritation,  can  become  materially 
altered  anil  develop  new  processes,  and,  '*  secondly,  that 
these  altered  states,  if  the  irritation  be  persisted  in,  may 
become  hen?riit..Hry,"     Hero  again  are  only  opinions  with- 
out a  particle  i>f  proof;  and  I  can  find  nothing  more  to 
the  point  in  the  whole  volume.     The  case  of  galls  is  very 
briefly  referred  to  at  p,   144,  and   their  non-heredity  is 
passed  by  with  the  remark  that  the  predisposition  to  pro- 
duce them  7na7j  be  greater  now  than  formerly,  and  that 
the  galls   themselves  nmy  be  larger  than  they  were  at 
first.     But  surely  if  the  effects  of  insect  irritation  are 
anywhere  hereditary  it  would  be  here.     An  oak  tree  which 
lives  several  hundred  yeara  is  subject  to  this  irritation  in 
greater  or  less  degree  almost  every  year,  and  the  irritation 
itself  is  not  momentary  and  intermittent,  as  in  the  ease 
of  insects  visiting  fiowers,  but  is  kept  up  by  the  presence 
of  the  iigg  and  growing  larva  during  a  considerable  por- 
tion of  the  perifxl  of  active  vegetable  growth,  and  this  has 
been  going  on  for  thousands,  probably  millions,  of  years. 
Yet  neither  do  oaks  nor  any  other  plants  produce  galls 
spontaneously,  as  they  certainly  should  do  if  the  results  of 
irritations  aix-^    in    any  general   sense    hereditaiy.      This 
seems  to  rae  to  be  a  really  crucial  experiment  continually 
repeated  by  nature. 
I  may  hero  leuxark  that  Mr,  Henslows  theory  utterly 
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breakf!  down  owing  to  the  want  of  aoy  conceivable  cnn- 
nection  between  insect  irritation  and  most  of  the  innQ- 
uierable  adaptations  of  the  parts  of  Howei^  to  attract 
insects  and  secure  cross-fertilisation.  Such  are  thestickj 
glands,  the  elastic  filanients,  the  springs  and  tmps,  and 
the  accurately  timed  motions  of  the  pollinia  in  orchids; 
the  innumerable  complexities  in  ]>apilit>naeeons  rtowera ; 
the  large  coloured  bracts  in  Bougainvillea,  Poinsettia,  and 
many  othei's:  the  flowers  wltn  tightly -closed  lip«>  as 
Linaria.  Antirrhinum,  Melanipynim,  &c. ;  the  enlarged 
rays  of  Compositie,  Umbel  life  ne,  and  Capri  foliace^  ;  the 
genenil  massing  of  small  flowers  infco  heads^  umbels, 
corvTnbs,  or  dense  racemes,  so  as  to  become  conspicuous, 
and  many  other  characters.  To  these  may  be  added  the 
negative  evidence  of  the  numerous  genera  and  orders  of 
regular  How  era,  such  as  Campanula,  Rosacea,  Gentianaceie, 
and  many  othei^.  which,  though  thonnighly  adapted  for 
insect  fertilisation,  and  whose  lower  petals  have  therefore 
been  always  subject  to  irritations,  have  never  developed 
irregular  flowei^s.  In  all  these  cases  variation  mth 
Natural  Selection  will  account  for  the  phenomena,  while 
insect  irritationSj  even  if  we  admit  heredity,  will  not  do  so. 
From  whatever  point  of  view  we  approach  the  question, 
the  attempt  to  explain  floral  structure  and  colour  without 
the  aid  of  Natural  Selection  is  a  hopeless  failure* 

The  (k'igiii  of  SpiiisB  ami  FrieMes, 

In  the  Journal  of  the  Linnean  Society  (*'  Botany/'  No, 
208,  July  10,  1894)  there  is  an  elaborate  jmper  by  Mr. 
Henslow  on  *'The  Origin  of  Plan t-Stnictu res  by  Self- 
Adaptation  to  the  Environment,  exemplifled  by  Desert 
or  Xerophilous  Plants,"  in  which  the  author  still  further 
develops  his  view  as  to  the  influence  of  the  direct  action 
of  the  environment  tmaided  by  selection.  The  only  por- 
tion of  this  paper  on  w^hich  I  propose  to  remark  is  that 
dealing  with  the  origin  of  spines  and  prickles,  on  which 
I  have  alr(3ady  had  occasion  to  write  in  my  book  on 
Barvmimn,  %vhen  combating  Professor  GocMes'  views 
on  the  same  subject.     Mr,  Henslow  imputes  the  spines 
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and  prickles;  of  so  many  plants  inhabiting  dry  countries 
to  the  direct  influence  of  the  conditions  under  which  they 
live.  Til  18,  he  thinks,  is  proved  by  some  of  these  plants 
losing  their  spines  when  grown  under  other  conditions; 
he  adduces  uunierous  examples  of  the  abundance  of  spiny 
nlant!!5  in  such  cotintrie*^  as  Nubia,  Abyssinia,  and  the 
Kahihari  Desert ;  and  he  again  and  again  reiterates  the 
^statement  that  these  chaiucters  are  ''  simply  the  inevit- 
able results  of  the  miction  of  environment'' 

»Now  if  these  statements  comprised  all  the  facts,  that  is^ 
f  in  all  dry  countries  spiny  plants  abounded,  while  in  all 
moist  or  fertile  districts  they  were  absent  or  very  rare,  the 
explanation  given  uf  their  origin  would  have  some  plausi- 
bility.   But  there  in  nu  such  geneml  coincidence  of  aridity 
of  soil  or  atnKJsphere  >^ith  abundance  of  spiny  plants,  as 
^Kyery  little  inquiry  will  show,      Mr.   Henslow  points  out 
^meveral  other  plant -characteristics  which  imhcate,  and,  as 
^Kbe  thinks,  are  directly  caused  by,  aridity.     JSuch  are  vary 
^pituall,  coriaceous,  or  rolled   up  leaves,  or  their  complete 
^^ibsence;  a  hairy  or  woolly  covering  to  the  whole  plant; 
succulent  foUage;  special  protection  of  the  buds;  enor- 
,  Dious   development    of  roots ;    abundance   of   bulbs   and 
"tubers;  together  with  thickness  of  bark  and  various  pro- 
^tective  coatings  to  stems  and  leaves.     Now  niany  of  these 
peculiarities   are   present   in  the  floi'a  of  the   Brazilian 
Campos — as    well    described    in    the    uiemoir    of    Eug, 
Warming  on  Lagoa  Santa — which  is  referred  to  by  Mn 
Henslow  as  coiTespontling  in  many  respects  wnth  that  of 
other  arid  regions.     Yet  the  author  of  this  luemoir  ex- 
pressly states  that  '* spiny  plants  are  very  rare"  (p.  4^3)* 
Again,  the  plants  of  the  Galapagos  pre^^ent  similar  indica- 
tions of  aridity — shrubs  with  minute  and  almost  invisible 
leaves,  tor  example — yet,  excej>t  the  cacti,  which  may  be  \.»f 
^—American  origin,  none  of  the  endemic  species  m'L;  spiny*  8o, 
^klso,  the  rich  Sandwich  Island  flora  contains  hardly  a  single 
^^ndemic  spiny  plant;   and  I  am  informed  by  the  Rev, 
R  P.  Murnw,  w^ho  is  well  acquainted  with  the  botany  of 
the  Canaries,  that  spiny  plants  are  exceedingly  iBTe  in 
those  islands,  though  much  of  the  surface,  owing  to  the 
jiorous  volcanic  rock  and  the  long  p6ric>ds  of  drought, 
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present  the  eonditioDS  which  elsewhere  are  said  to  pro- 
duce apinesjt. 

Now  without  denying  that— other  conditions  being 
equal — aridity  may  favour  and  moisture  may  check  the 
growth  of  spines^  there  is  another  and  altogether  diflferent 
set  of  eonditions  which  seem  mor«  tlirectly  connt^ctec} 
with  their  abundance  or  rarity,  Thia  is,  the  presence  or 
absence  of  herbivorous  mammals,  a^inst  whose  ravages 
spines  are  a  protection.  The  most  destructive  of  these 
animals  are  camels,  goats,  and  antelopes,  and  it  is  where 
these  are  indigenous — in  Arabia j  North-east  and  South 
Africa,  and  Central  Asia,  that  thorny  shrubs  and  tr**es  are 
especially  abundant.  Agiiin,  few  countries  have  more 
spiny  plants  than  Chili,  where  the  camel-like  vicugnas 
and  alpacas,  as  well  as  large  rodents,  are  very  destructive. 
But  the  country  is  not  especially  arid,  and  the  remarkable 
Puyas,  whose  leaves  are  armed  with^  excessively  sharp 
recurved  spines,  inhabit  the  subalpine  regions  where  rain 
and  mist  prevail  In  our  own  moist  islands  we  have  a  full 
proportion  of  prickly  plants,  and  the  same  may  be  said  of 
North  America,  where  the  Gleditschia  or  Honey  Locust 
baa  the  young  branches,  and  in  old  trees  the  trunk,  armed 
with  groups  of  very  strong  and  sharp  spines.  So  also  in 
Japan,  notwithstanding  its  moist  insular  climate,  we  hai^e 
an  Olea  and  an  Osmanthus  with  holly-like  prickly  leaves; 
while  the  prickly  Bcrberis  Danmnii  is  found  in  the  damp 
atmosphere  of  the  Straits  of  Magellan. 

Equally  opposed  to  the  theory  of  aridity  as  the  efficient 
cause  of  spines  is  their  abundance  on  palms  growing  in 
the  hottest  and  moistest  regions  of  the  globe.  In  many 
Amazonian  species  the  stem  is  thickly  set  with  long  and 
very  sharp  spines  pointing  downwards,  and  thus  forming 
a  complete  protection  against  monkeys  and  other  arboreal 
firuit-eating  mammals.  Many  species  of  Bactris  and  Astro- 
caryum  are  thus  armed,  as  is  also  the  beautiful  &uilidma 
Bpicufsa,  the  Peach  palm,  whose  fruit  is  large  and  edible* 
It  is  a  suggestive  circumstance  that,  with  the  exception 
of  palms,  few  large  trees  arc  spiny,  and  when  they  ar« 
so,  as  in  the  case  of  the  Gleditschia,  the  spines  ar«  most 
abimdani  on  the  trunk  and  ou  t»K^  \/uuii^et  branches.     In 
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the  same  way,  our  holly,  when  it  grows  to  a  lare^e  size, 

iianally  has  the  leaves  towairla  the  top  spineless :  the  wild 
pear  also  is  spiny  below  but  unarmed  above.  The  clirab- 
ing  p^lms,  on  the  other  hand,  are  anned  to  the  very  top, 
but  in  this  case  the  spmes  <assist  climbing, 

The  anomaly  of  the  flora  of  the  Brazilian  Campos,  having 
many  of  the  true  xerophilous  characteristics  yet  being 

■  almost  wholly  without  spiny  forms,  is  quite  in  harmony 
with  the  fact  of  the  great  poverty  of  this  rt^gion  in 
mammals  destructive  of  woody  vegetation.  There  are 
really  none  but  a  few  deer  and  cavies,  which  are  mostly 
inhabitants  of  the  more  thickly  wooded  valleys,  and  which 
are  kept  from  unilue  inultiplication  by  the  considerable 
number  of  species  of  Felidie  and  Canidie  in  the  sjime  area. 
We  arCj  therefore,  led  to  conclude  that  the  apjjarent 
direct  dependence  of  an  unusualty  spinescent  vegetation 
on  arid  conditiijns  of  soil  or  climate  is  to  a  great  extent 
deceptive.  Such  conditions  are  inimical  to  the  growth  of 
dense  forest,  and  it  is  a  well-known  fact  that  the  larger 
mammalia  abound  most  in  partially  wooded  or  opt^n 
country.  Many  of  these  animals  are  exceedingly  destruc- 
tive to  shrubby  or  arbort^scent  vegetation,  especially  in 
districts  which  are  subject  to  occasional  droughts  j  and  it 
is  in  such  areas  that  so  many  of  these  plants  have  acquired 
the  protective  armature  of  spines  or  prickles,  while  others 
not  80  protected  have  sooner  or  later  succumbed,  thus 
leading  to  a  preponderance  of  the  former.  But  the 
numerous  instances  in  which  considerable  areas  and 
extensive  floras  are  found  to  have  hardly  any  spinous 
plants,  as  compared  with  other  areas  in  which  the  soil  and 
climate  afe  generally  similar  and  where  such  plants 
abound— the  only  important  difterence  being  the  absence 
or  presence  of  destructive  herbivorous  or  frugivorous 
mammals — ^show  us  clearly  that  it  is  the  latter  rather  than 
the  former  condition  which  is  the  real  starting  point  and 
efficient  cause  for  the  development  of  spines,  while  the 
mode  of  their  production  has  been  through  spontaneous 
variation  and  ^fatural  Selection.^ 

1  Professor  A.    Kenier  gives   an  aflmii'able   nccoiint  of  the   vnvioua 
foru^  of  spiny  mid  pricklj  plimt»,  wbiub  are  exceedingly  nunicfrpus  in 
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Adaplatums  not  Ej^jlimhk  mi  the  Theorif  of  EtspQUSe 
to  In'Uation, 

A  few  remarks  iiiiiy  now  he  addtHl  ou  the  general  ques- 
tiun  of  adaptation  in  tho  vegetable  kingdom.  Reference 
]ms  already  been  made  to  the  numerous  causes  in  i^'hieh 
the  special  adaptations  of  fJowers  to  insect-fertilisation 
can  by  no  stretch  of  imagination  be  imputed  to  the  direct 
action  of  insects,  and  the  same  thing  is  equally  clear  in 
many  other  directions.  The  whole  gronp  of  insectivorom 
plants,  for  instance,  exhibit  strange  and  comjilex  adapta- 
tions which  have  no  direct  relation  to  the  mere  fact  of 
insects  eniwling  over  them  or  settling  upon  them*  So 
also  are  those  varied  miaptations  by  which,  as  Kerner  has 
shown*  injurious  insects  are  prevented  from  reaching  the 
flowers. 

Even  more  unintelligible  on  this  theory  are  jnodifica- 
tions  of  fruits  and  seeds,  by  which  some  attnict  birds  or 
mammals  to  eat  them,  while  others  are  guarded  against 
being  eaten ;  some  seeds  have  beautiful  %vings  or  plumes 
for  wind  dispersal,  others  have  hooks  or  sticky  hairs  w4iich 
cling  to  wool  or  feathers,  while  others  again  are  scattered 
abroad  by  the  sudden  eUistic  bursting  of  the  causules. 
Take  the  comparatively  simple  case  of  nuts.  Bid  they 
acquire  their  hard  covering  and  brown  protective  tints 
and  detachment  from  the  tree  as  soon  as  ripe  by  the  direct 
agency  of  birds,  or  monkeys,  or  squirrels  ?  Of  course,  the 
question  is  absurd,  since  those  eaten  by  these  creatures 
eould  not  transmit  their  special  qualities;  but  those  that, by 
the  possession  of  any  of  these  qualities,  escaped  beine^  eaten, 
would  tiunsmit  those  qualities  to  the  next  generation.^ 

Any  conceivable  direct  action  of  the  envimnment  can 
therefore  have  produced  only  a  very  small  portion  of  the 
modifications  and  adaptations  that  actually  exist.     In  by 

the  Mediterraneftn  district,  and  he  adds  t  "  lu  northern  regions  not 
exposed  to  flumtner  rlroughtt  where  grazing  animals  tind  in  sitmmer 
enotigh  green  fmlderj  thia  form  of  pliint  ia  cibnoat  entirely  absent/* 
{The  Natural  Hi^foty  of  PlanU,  Englijtli  Transhitian,  vol.  i.,  p.  445,) 

*  Otiier  cftses  of  the  want  of  rehitiim  between  aduplalions  and  their 
f^upjKi&ud  i^ufie  are  given  in  ihe  next  chapter* 
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r  the  larger  number  of  cases  no  stteh  explanation  is 
pDSsible.and  no  other  adpc|nate  explanation  has  been  sug- 
gested except  variation  and  NatumI  Selection*  It  is,  of 
course,  admitted  that  the  action  of  the  environment  does 
produce  definite  changes  in  all  organisms^  more  especially 
in  plants,  but  there  w  no  evitience  that  such  changes  are 
transmitted  to  the  offspring  of  the  individuals  in  which 
hey  have  been  produced. 

On  the  other  hand,  there  is  direct  evidence  that  manj 
such  changes  are  not  transmitted,  an  example  of  which  is 
the  Arabis  anackorctica  with  remarkable  tissue-jmpery 
leaves,  due  to  its  growth  in  hollows  of  rijcks,  where 
neither  sun  nor  rain  rciich  it.  Seeds  of  this  plant  when 
cultivated  at  Kew  produced  the  common  Arafm  alpina. 
The  same  thing  occurs  with  many  plants,  as  every  cultiva- 
tor knows  ;  but  other  species  with  no  greater  peculiarities 
externally  preserve  their  characters  under  cultivation, 
though  exposed  to  the  most  varied  conditions.  As  we 
thus  know  that  sonic  variations  directly  due  to  the  environ- 
ment are  not  transmitted,  and  also  know  that  an  immense 
number  *)f  spontaneous  ur  ctmgenital  variations  are  trans- 
mit ted ,  s  i  nee  by  tak  i  ng  a  d  v  an  tage  o  f  t h  is  fact  a  1  mos  t  all 
the  improvement  in  our  donu'istie  animals  antl  cultivated 
plants  has  been  effected;  and  yet  further,  that  no  t:jise  has 
been  found  in  which  such  spontaneous  variations  are  wholly 
intransmissible — the  logical  conclusion  is  that  the  two 
kinds  of  variation  are  distinct  in  their  nature.  This  view 
of  the  subject  is  adopted  by  those  botanists  who  are  now 
endeavouring  to  determine  the  true  nature  of  the  numenjus 
alleged  species,  sub-species,  and  varieties  of  our  native 
plants.  They  test  the  fixity  of  the  characters  which  dis- 
tinguish each  fonn  by  cultivation.  If  these  characters 
remain  unchanged,  and  are  transmitted  by  seed,  the  form 
is  a  permanent  one  and  cie^enes  to  be  recorded  as  a  species 
or  sub-species ;  but  if,  as  frequently  occurs  with  forms 
which  appear  quite  as  distinct  a^  those  which  are  stable, 
the  plant  reverts  on  cultivation  to  some  other  form,  it  is 
evidently  a  modification  due  to  some  local  conditions  of 
the  environment,  and  should  be  treated  differently*  Mr. 
Beeby   has  proposed  to  call  the  former  '*  intrinsicp'*  the 
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tatter  **  extrinsic ''  varieties,  terms  corresponding  to 
Weisraann's  "genu  variation*'  and  '* somatic  variation," 
and  these  can  in  many  cases  only  be  distinguished  from 
each  other  by  the  test  of  cultivation  under  diflFerent  con- 
ditions. On  this  point  Bin  Beeby  remarks : — ■'*  The  most 
transient  states  of  plants  duo  to  the  direct  action  of  their 
environment  are  often  ftir  more  distinct  in  appearance 
from  their  normal  forms  than  are  some  varieties  from  their 
types ;  but  the  tii^sfc-namcd  return  at  once  to  their  normal 
state  on  being  removed  from  their  spt^cial  surroundings, 
while  the  latter  remain  permanently  distinct  from  their 
types  even  when  gnnvn  under  circumstances  most  dis- 
advantageous to  the  continuation  of  the  partictdar  varia- 
tion, That  these  two  kinds  of  variation  exist  in  pkmt? 
is  certain  ;  and  the  se|>aration  of  them  seems  to  be  the 
very  basis  on  which  all  investigations  of  the  Phanero|^mia 
must  be  made,  if  it  is  hoped  that  this  branch  of  botany  is 
to  throw  any  further  lignt  on  "  Evolution/'  ^ 

In  conclusion,  I  submit  that  the  whole  body  of  fact-a  in 
relation  to  the  direct  action  of  the  environment  indicates 
tliat  modifications  thus  produced  in  the  individual  arc  not 
transmitted  to  the  o6fspring ;  and  that  until  it  is  demon- 
strated by  experiment  that  they  are  so  transmitted,  theories 
of  plant  inixlification  founded  on  that  assumption  are 
altogether  worthless. 

»  "On  the  Flora  of  Shetland."  Anmh  o/Smdiiih  Nuiumi  JTiaimf, 
January,  1892,  p,  52. 


CHAPTER  XVI 


ARE  iKDlVmUALLT  ACQOtRED  CHARACTERS  INHERITED? 

Toe  queation  which  fonns  the  title  o(  this  chapter 
will  not,  perhap.^,  strike  the  gonenil  reader  who  is  un- 
acquainted with  recent  developments  of  bitilogy  as  being 
of  much  itiiportaoce,  or  as  having  any  special  interest  for 
the  world  at  large.  Yet  it  realty  involves  considemtionB 
harrlly  les8  tar-reaehing  than  nvolution  itself,  since  the 
correct  answer  to  it  must  tiepend  upon,  aufl  be  a  logical 
consequence  of  a  true  theory  of  heredity.  If,  then,  we 
can  an-ive  at  this  cormcfc  answer,  either  by  means  of 
observation  of  natural  phenomena  or  by  experiments  with 
living  organisms,  we  shall  possess  a  criterion  by  which  to 
judge  between  rival  theories;  while  the  answer  itself  will 
be  tound  tr>  have  a  direct  bearing  of  a  very  important 
kind  on  possibilities  and  methods  of  human  improve- 
mcnL^ 
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Theories  of  Galton  and  Weismann. 


Up  to  about  ten  years  ago  the  answer  to  the  question 
would  have  been  almost  unanimously  in  the  affirmative. 
Darwin  accepted  the  inheritance  of  such  characters  as  an 
undoubted  fact,  though  he  did  not  attach  much  import- 
ance to  it  as  an  agent  iu   evolution ;  and  hLs  theory  of 

n genesis  was  an  attempt  to  explain  the  phenomena  of 
eredity  in  accordance  with  it*     Mr.  Francis  Galton  made 

Thia  aii^>ectjaf  the  question  itt  di^icus^d  tu  n  later  chapter. 
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some  experiments  which  led  him  to  doubt  the  correctness 
of  Darwin's  main  contention — that  minute  gemmules 
t'nim  every  cell  in  the  animal  body  were  collected  in  each 
of  the  germ  and  sperni  eL41s,  and  thus  led  to  the  i-epro- 
duction  of  a  similar  ImkIv.  He  tran>?fu?>ed  large  quantities 
of  blcKxl  from  black  to  ^vhite  rabbits,  and  vice  irrsa,  with- 
out in  any  way  itijuriiig  them ;  and  after  this  infnsion  of 
blocjd  from  a  very  distinct  variety,  sometimes  to  the  extent 
of  one- third  of  its  whole  amount,  each  kind  bre^l  as  tnie 
as  before,  sho^ving  no  signs  whatever  of  intermixture. 
He  then  develojK^d  a  new  theory  of  heredity,  w^hich 
appearefl  to  him  more  in  accordance  with  tacts,  and  an 
essential  ^mrtof  this  theory  wag  that  the  germinal  material 
passes  direct  fi'c>m  parent  to  offs[)ring,  instead  uf  being 
produced  afresh  from  the  various  parts  of  the  bmly ;  ant  I, 
as  a  consequence,  changes  pnxlueefl  in  the  body  by 
external  agencies  during  its  life  will  not  be  transmitted 
to  the  offspring.  A  few  years  later  Professor  Weisinann, 
of  F'j^piburg- in -Baden,  independently  arrived  at  a  some- 
what similar  theory,  founded  on  the  embrA^oJogical 
researches  of  himself  and  other  biologists ;  and  he  sup- 
ported it  by  such  a  body  of  evidence  and  by  such  a  wealth 
of  illustration  and  reasoning  that  it  at  once  attmctcd  the 
attentioirof  biologists  in  every  part  of  the  world.  This 
theory  being  manifestly  opposed  to  the  inheritance  of 
acquired  characters,  hu  was  led  to  examine  the  evidence 
for  this  dogma,  and  found  it  to  be  extremely  scanty,  and 
for  the  most  part  quite  inconclusive.  But  as  some  biolo- 
gists of  great  eminence  believe  that  the  inheritance  of 
such  characters  is  absolutely  necessary  in  order  to  explain 
many  of  the  phenomena  of  evolution,  the  iUscussion  on 
this  pjint  has  been  carried  on  by  many  who  would  have 
felt  little  interest  in  the  problem  if  it  were  one  of  embryo- 
logical  development  alone.  Year  by  year  the  question 
has  been  discussed  in  books,  pamphlets,  and  review  articles^ 
while  Professor  Weismann  has  contiTuied  his  studies  on 
the  whole  subject,  and  in  a  volume  of  which  an  English 
translation  has  just  appeared,  hus  worked  out  his  theoiy 
in  very  minute  detail,  grappling  fairly  with  all  the  various 
phenomena  to  be  explained,  and  thus  putting  the  whole 
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question  before  the  scientific  world  in  a  manner  which 
allows  it  to  be  fully  discussed,  tested,  and  controverted,* 

This  detailed  theory  is  far  loo  complex  and  technical  to 
be  explained  in  a  short  chapter ;  but  as  its  truth  implies 
that  the  inheritance  of  acquired  variations  is  not  a  law  of 
nature,  and  as  Mr.  Herbert.  Spencer  has  recently  set  forth 
some  fresh  argiiinents  in  favour  of  .such  inheritance, 
and  has  also  reinforcc^d  some  of  his  former  arguments  (in 
I  two  articles  in  the  Contemporary  Meview),  while  an  Ameri- 
can naturalist  has  just  issued  a  work,^  in  the  introduction 
to  which  he  discusses  the  same  question,  and  summarises 
what  seem  to  hirn  the  strongest  arguments  that  have 
been  advanced  an  btjth  sides,  concluding  also  in  favour  of 
the  inheritance  of  such  characters— a  gmxl  opportunity  is 
offered  to  review  this  evidciicc,  and  to  show,  as  the  prestmt 
writer  thinks  he  can  show,  that  all  the  alleged  facts  and 
I  arguments  are  inconclusive,  and  that  the  balance  of  the 
I  evidence  yet  adduced  is  altogether  in  favour  of  such  char- 
acters not  being  inherited. 


I 


What  a7'e  Acquired  Ckaradevs  i 

It  is  first  necessary  to  understand  clearly  what  is  meant 
by  **  acquired  characters/'  as  even  naturalists  occasionally 
miss  the  essential  point,  and  takt.'  any  peculiarity  that 
appears  in  an  individual  during  life  to  be  an  "  acquired 
character/'  But  such  peculiarities  are  usually  inherited 
from  some  ancestor,  unless  they  can  be  clearly  traced  to 
some  special  conditions  tt>  which  the  individual's  body 
has  been  ex|>osed.  As  an  ilhistration,  let  us  suppose  twin 
brothers,  very  similar  in  all  physical  and  mental  characters, 
to  be  subject  during  life  to  very  different  influences :  one 
being  brought  up  from  childhood  to  city  life  and  kept 
closely  afc  a  desk  till  middle  age^  the  other  living  always 
in  the  country  and  becoming  a  working  farmer.     If  the 

*  The.  (hrm  Pta^m :  a  Theory  oj  Heredtfy^  by  August  Weiaujaim, 
Wfih*jr  Seott.  London,  I8ft3. 

'^  Eifjfiifion  of  the  Coioiits  ttf  NGiih-Am^ertti  Lfind  Birth^  hy  Charles 
A.  Ktjelerj  Cftlifornia  Academy  of  8cicnco»,  fenn  Fmnciaco,  Januiwy, 
1803. 
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one  were  then  pale,  slender,  weak,  and  deHcate,  the  other 
ruddy,  stout,  and  gtrotig*  these  differences  would  be,  in 
one  or  the  other,  probably  partly  in  both,  "  acquired  char- 
actera/'  And  if  both,  at  the  same  age,  married  twin 
siflters,  equally  alike  in  childhood  but  who  had  been  each 
subject  to  corresponding  conditions  in  after  life,  the  com- 
mon idea  is  that  the  children  of  the  city  couple  would  be 
inherently  weakly,  those  of  the  country  couple  strong; 
and  that  the  balance  would  not  be  restored  even  if  these 
two  families  of  children  were  subject,  during  their  whole 
lives,  to  identical  conditions.  In  other  wonis,  it  is  usually 
believed  that  the  acquired  char&ctei'a  of  the  parents  would 
be  transmitted  to  the  constitutions  of  the  children.  But 
it  is  now  asserted,  by  We  is  man  n  and  his  fi>l  lowers,  that 
facts  do  not  agrt^e  with  this  assumption t  and  that,  in  the 
case  supposed,  both  sets  of  children  would  inherit  the 
original  qualities  of  the  parents,  modified,  perhaps,  by 
qualities  or  charcU^teristics  of  retuoter  ancestors,  but  would 
not  exhibit  any  effects  of  the  changes  produced  in  their 
jiarents  by  external  conditions  only. 

This  latter  belief  is,  I  am  infonned,  held  and  acted  upon 
by  breeders  of  animals  as  the  result  of  their  extensive 
experience.  If  a  young  dog  or  horse  of  high  breed  and 
good  external  points  becomes  accidentally  lauicd,  so  as  to 
be  pennanently  disiibled  from  the  usual  woi4t  of  its  kind, 
it  is  often  kept  for  many  years  to  breed  from,  in  full  con- 
fidence that  its  offspring  will  inherit  the  good  qnaUtie4* 
of  the  stock,  and  will  be  in  no  way  deteriomted  by  the 
absence  of  work  calculated  to  strengthen  the  muscles, 
enlarge  the  cheet,  and  otherwise  increase  the  power  and 
activity  of  the  parent. 


Rt^niis  thai  shmdd  be  Produced  by  stich  Inktriianm, 

Again,  if  the  effects  of  the  use  of  certain  muscles,  or 
of  special  mental  faculties  with  their  corresjwnding 
nervous  and  muscular  co-ordinations,  were  transmitted  to 
offspring,  then  definite  results  ought  to  have  been  so 
frequently  produced  as  to  have  become  embodied  in 
general  experience  and  popular  sayings.     Take  the  case 
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of  any  mechanic  working  at  his  trade,  whether  black- 

lonith,  carpenter,  watchmaker,  or  any  other  art  leading  to 
the  use  or  disuse  of  special  muscles  or  faculties.  If  long* 
continued  exercise  in  one  direction  leads  to  increased 
strength  and  skill  which  is  passed  on  to  the  children, 
then  it  onght  to  be  an  observable  fact  that  the  younger 
sons  should  have  more  strength  and  skill  in  their  father's 
business  than  the  fii-stborn ;  but,  so  far  as  I  know,  this 
has  never  been  alleged.  So  with  men  of  genius,  whose 
Miental  faculties  have  been  fully  exercised  in  special  direc- 
titjns,  whether  as  men  of  science,  artists,  musicians,  poets, 
or  statesmen :  if  not  tmly  the  inherent  faculty  but  also 
the  increased  jjijwer  derived  from  its  exercise  be  inherited, 
then  we  ought  frequently  to  see  these  faculties  continu- 
ously increasing  during  a  series  of  generations,  especially 
through  the  younger  sons,  culniinating  in  some  star  of 
the  fir"Kt  magnitude.  But  the  very  reverse  of  this  is 
notoriously  the  ciuse.  Men  of  exceptional  genius  or 
mental  power  or  mechanical  skill  appear  suddenly,  rising 
far  above  their  immediate  ancestors ;  and  they  are  usually 
followed  by  successors  who,  though  sometimes  great, 
mroly  e<:jual  their  parent,  whose  pre-eminent  powers  seem 
generation  after  generation  to  flwindle  away  to  obscurity, 
"s  illustrations  of  this  principle  we  may  refer  to  such  men 
Brindiey,  Telfbid,  Htephenson,  Bramah,  Snxeaton, 
son  (inventor  of  the  chronometer),  Brunei,  Dollond, 
lay.  Wren,  John  Hunter,  and  many  othei^,  who  were 
mostly  self-taught,  and  derived  nothing  apijarently  either 
from  the  faculties  or  the  acquireti  powers  oi  their  |mrents. 
So  almost  all  the  great  poets,  musicians,  and  artists  of  the 
world  start  up  suddenly  and  leave  no  equals,  far  less 
superiors,  among  their  offspring  or  their  descendants. 
These  various  classes  of  facts  not  only  lend  no  support  to 
the  theory  of  the  transmission  of  acquired  faculties  from 
generation  to  generation,  but  are  not  what  we  should 
expect  if  such  transmission  were  a  fact  They  certiiinly 
serve  to  throw  doubt  upon  it  ami  to  show  that  inheritance 
not  such  a  simple  matter  tis  this  theory  implies  ;  they 
may,  therefore,  prepare  the  'reader  to  consider  with  im- 
poi'tiality  the  iac^ts  and  arguments  that  have  been  put 
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forward  'i  its  favour^  together  with  the  reasons  I  shall 
give  for  ^-  inadequacy  of  those  arguments.  For  it  must 
always  be  lembered  that  the  inheritance  of  this  class 
of  charactt^r^  or  qualities  must  be  proved  by  facts  that 
admit  of  no  other  interpretation,  if  it  is  to  be  accepted  aa 
one  of  the  bases  of  the  theory  of  organic  evolution.  When 
such  tremendous  issues  are  at  stake  we  cannot  base  our 
faith  upon  probtibilities,  unless  they  are  to  an  overwhelm- 
ing degree  greater  than  the  probabilities  on  the  other 
side. 

I  propose  to  waste  no  time  on  the  question  whether 
mutilations  are  ever  inherited,  because  both  parties  arc 
now  agreed  that  this  is  not  the  point  at  issue.  What  we 
want  to  know  is^  whether  the  etiects  produced  during  the 
lives  of  individuals  by  .such  natural  causes  as  the  use  or 
disuse  of  certain  muscles  or  organs,  change  of  food,  or 
change  of  climate,  are  transmitted  to  offspring,  so  as  to 
accumulate  such  effects  and  thus  serve  as  an  important 
factor  in  evolution, 

Argtimeni  from  HuhUs  and  Insiind^ 

Two  of  the  cases  which  have  been  adduced  as  affording 
verj*  strong  evidence  of  the  iuheritanco  of  an  acquirt*d 
character  are,  the  habit  of  dogs  to  turn  rotmd  several 
times  before  lying  down,  and  the  peculiar  play-habits  of 
the  bower-bii-ds ;  these  being  supposed  to  be  beyond  the 
power  of  natural  selection  to  produce,  because  neither 
are  of  vital  importance  to  the  species.  But  such  eases  as 
these  realty  prove  nothing,  because  so  much  in  them  is 
hypotheticaL  It  is  only  guessed  that  the  dog  s  habit  is 
derived  from  wild  dogs  turning  round  to  make  a  comfort- 
able bed  in  rough  grass.  But  even  if  this  be  a  fact,  there 
are  many  awned  see*ls  of  grasses  which  prick  the  skin,  and 
in  some  cases  work  their  way  into  the  body,  Ciiusing 
wounds  or  death,  and  the  turning  round  may  have  the 
effect  of  laying  these  awned  seeds  parallel  to  the  hairs  and 
thus  prevent  them  from  penetmting  the  skin.  If  se» 
natural  selection  woidd  produce  and  preserve  the  haVut. 
Again,  it  may,  with  msxny  dogs,  be  a  matter  of  simple 
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comfort,  the  turning  serving  to  keep  the  rather  s^^lf[  hair 
all  the  right  way,  and  also  to  bimsh  away  sr  !1  hanl 
objects.  Yet  again,  it  is  not  alleged  that  all'  >gs  do  it, 
and  in  many  cases  it  may  be  a  habit  copiud  from  the 
mother  The  uncertainties  of  the  case  are  therefore  too 
l^eat  for  it  to  afford  an  argument  of  any  value.  The 
bower-bird's  habits  are  more  difficult  to  explain  on  any 
theory,  since  the  whole  question  of  these  alleged  instincts 
is  unsettled.  We  have  evidence  that  in  many  cases  even 
the  peculiar  song  of  birds  is  not  instinctive  in  the  species, 
but  IB  the  result  of  iniitaiion ;  and  Mr.  Hudson  has 
recently  shown  that  the  fear  of  man  in  wild  birtls  or  its 
abisetice,  is  probably  the  result  of  individual  experience  in 
all  cases.  Till  we  know  that  the  bower-birds'  habit  is 
wholly  due  to  inheritance  and  not  to  imitation  of  older 
birds,  we  can  hardly  found  any  important  conclusions 
upon  it. 


I 


ffoms  and  other  Dermal  Apprndrnjes. 

Many  writers  have  laid  stress  on  the  difficidty  of  ac- 
counting f(>r  the  origination  of  new  organs  in  certain 
groups  of  animals,  by  variation  and  natural  selection 
alone.  Horns  are  especially  adduced ;  and  it  is  alleged 
that  there  is  no  otner  way  of  explaining  their  origin 
except  by  the  habit  of  butting  with  the  head,  leading  to 
thiekeniug  of  the  akin  and  excrescences  of  the  bone, 
which,  being  transmitted  by  inheritance  and  increased  by 
use,  gradually  produce  the  various  kinds  of  horns.  In 
like  manner,  the  origin  of  flowers  and  their  successive 
modification,  have  l>een  imputed  to  the  imtation  caused 
by  insects,  leading  to  outgrowths  which  have  been  in- 
herited and  increased  by  further  irritation. 

Taking  the  case  of  the  horns,  Mr,  J.  T.  Cunningham,  in 
bis  introduction  to  the  English  translation  of  Eimer's 
Ch'ganic  Evolittitmj  says  : — "  No  other  mammals  have  ever 
been  stated  to  possess  two  little  sj'm  metrical  excre.scences 
on  their  fmntal  bones  as  an  occasional  variation ;  what 
then  caused  such  excrescences  to  appear  in  the  ancestors 
of  horned  ruminants  ?     Butting  with  the  forehead  would 
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produce  them,  and  no  other  cause  can  be  suggested  which 
would" 

This  assertion,  that  "butting  with  the  forehead  would 
produce  them,*'  assumes  the  whole  question  at  issue. 
Thoro  is,  I  believe,  no  evidence  of  it  whatever,  and  there 
is  much  that  renders  it  iiriprabable.  And  the  first  part  of 
the  statement  is  also  erroneous,  for  Darwin  tells  us,  "  In 
various  countriess  horn-like  projections  have  been  observed 
on  the  frontal  bones  of  the  horse ;  in  one  case  described 
by  Mr*  Percival,  they  arose  about  two  inches  above  the 
orbital  processes,  and  were  very  like  those  of  a  calf  from 
five  to  SIX  months  old,  being  from  half  to  three  quarters  of 
an  inch  in  length/'  As  no  known  animal  in  the  an- 
cestral line  of  the  horse  had  horns,  these  must  liave  been 
"  new  characteiTS " ;  and  had  they  appeared  before  the 
ancestral  horses  acquired  such  powerful  weapons  of  offence 
in  their  hoofs,  they  would  probably  have  been  preserved 
and  increased  by  selection  into  formidable  weapons. 
That  horns  have  not  unfrequently  arisen  from  such  ap- 
parently uncaused  variations,  is  indicated  by  the  remark- 
able difference  of  structure  and  growth  in  the  horns  of  J 
such  nearly  allied  groups  as  the  deer  and  the  antelopes,  ■ 
which  at  a  quite  recent  epoch  must  have  originated 
independently.  Verj'  suggestive  is  the  curious  enlarge- 
ment of  the  skull  under  the  crest  of  the  Polish  fowls.  In 
another  fowl's  skull,  figured  by  Darwin,  there  are  two 
large  roimded  knobs  on  the  forehead,  forming  perfect 
incipient  horns. 

Dermal  appendages,  which  could  not  have  been  caused 
by  special  irritations,  are  so  frequent,  that  almost  any 
useful  development  appears  possible.     The  spines  of  the 
hedgehog  and  the  quills  of   the  porcupine,  are   of  this 
nature,  as  are  the  plates  of  the  armadillo  and  the  scales  of  _ 
the  pangolin.     The  feathers  of  birds  are  one  of  the  most  ■ 
marvellous  of  these  developments  which,  when  they  once  " 
arose,  were  preserved  and  modified  in  endless  ways.     So, 
the   curious   erectile   appendage  on  the  forehead  of  the 
South  American  belUbirds,  and  the  equally  strange  feather- 
covered  cylinder  pendent  from  the  throat  of  the  umbrella- 
birds,  are  other  illustrations  of  these  abnormal  outgrowths 
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of  the  skin  for  the  origin  of  which  we  cbu  assign  no  eaii-si^ 
Many  other  secondary  9i*Jturil  appendages  of  birds  are 
equally  inexplicable  in  their  beginnings,  such  £is  the  long 
feathers  springing  frotn  the  sides  of  the  head  in  the  six- 
plumed  bird  of  j^aradise,  and  the  singuhir  piiir  of  long 
white  feathers  growing  from  among  the  upper  primary 
wing-coverts  of  Scmioptera  ivadaMit  to  which  I  believe 
there  is  nothing  similar  in  the  whole  class  of  birds.  These 
various  cases  of  dermal  appendages  are  suflScient  to 
indicate  that  variations  of  this  kind  are  continually 
occurring,  which,  whenever  useful,  have  been  seized  upon 
and  increased  by  natural  selection,  since  any  such  varia- 
tions appearing  among  our  doniestic^^ited  animals  are  found 
to  be  strictly  inherited 

^  Evdniimh  of  TteiL 

The  American  naturalists  lay  much  streiss  on  the 
evolution  of  the  teeth  of  mammals  in  complete  palfeonto- 
logical  series,  alleging  that  the  successive  modifications  of 
the  cusps  confonn  strictly  to  lines  of  use  and  disuse,  and 
that  they  are  therefore  produced  by  use  anfl  disuse.  To 
thLs  there  arc  two  distinct  replies,  either  of  which  seems 
to  me  sufficient.  In  the  first  place,  in  such  vitally 
important  organs  as  the  teeth  of  mammals,  natural  selection 
will  necessarily  keep  them  on  these  lines,  because  urn 
implies  utility,  and  disusn^  iriuHliti/,  and  utilities  nece^arily 
survive*  If,  then,  variations  occur  in  the  forms  of  the 
cusps — and  they  certainly  do — natural  selection  will  modify 
them  along  these  lines  of  utility ;  and  it  will  be  absolutely 
impossible,  from  a  study  of  the  series  of  fossil  fonnsj  to 
prove  that  they  have  been  dinMi/  modified  by  use  and 
that  the  modifications  have  been  inheriteti,  and  that  they 
are  not  the  result  of  normal  variations  accunmlated  by 
survival  of  the  fittest.  The  second  reply  is  that  of 
Professor  Poulton,  who  points  out  that  the  form  of  the 
tooth  is  fixed  before  it  cuts  the  gum  and  that  use  only 
wears  the  cusps  away.  It  is  therefore  difficult  to  see  how 
such  use  in  the  parent  can  determine  any  definite  varia- 
tion in  the  teeth  of  the  next  generation, 
""  Y  2 


a24  STUDIES,  SCIENTIFIC  AND  SOClAh  chat. 

There  is  also  a  general  argument,  in  the  fact  of  so  jiianj 
special  types  of  teeth  having  been  developed,  which  cannot 
have  been  produced  by  the  con'esponding  use.  Such  are 
the  arrangement  of  enamel  and  dentine  in  the  inciBor 
teeth  of  rodents,  so  that  they  preserve  a  continual  chisel* 
like  cutting  edge,  and,  unlike  the  teeth  of  most  other 
mammals,  keep  on  growing  at  the  root  so  that  they  are 
pushed  up  as  fast  as  they  wear  away ;  and  the  remarkable 
molar  teeth  of  the  elephants,  which  come  forwiird  in 
succession,  and  by  the  aixangement  of  the  folds  of  hard 
and  soft  material  always  keep  a  grinding  surface,  while  the 
enormous  tusks  grow  on  continuously  during  Ufa  These 
and  many  other  singular  modifications  of  teeth  can 
certainly  not  be  traced  to  coi  responding  diversities  of  use 
as  directly  producing  them,  while  they  are  easily  explained 
by  the  great  variability  of  all  complex  organic  structures, 
fumishmg  material  for  endless  modifications  according  to 
the  various  needs  of  the  widely  different  mammalian 
types. 

Arfpim^ni  from  Tactual  Diseriniifuttiveness, 

We  have  now  to  consider  Mr.  Herbert  Spencers  objec- 
tions in  the  articles  already  referred  to,  which  bear  the 
formidable  title,  *'The  Inadequacy  of  Natural  Selection/' 
The  tirst  of  these  objections  is  founded  on  Weber's  experi* 
mcnts  on  the  sense  of  touch,  showing  that  the  power  of 
distinguishing  the  sensations  produced  by  two  |K>iDts 
rather  close  together  varies  greatly  in  different  parts  of 
the  body,  the  tips  of  the  fingers  being  able  to  distinguish 
the  points  of  compasses  when  the  twelfth  of  an  inch  apart, 
while  on  the  middle  of  the  back  they  have  to  be  ojiened 
more  than  two  inches  in  order  that  the  prei^ure  of  two 
points  may  be  distinguished  from  that  of  one.  Between 
these  extremes  tactual  discrimination  varies  in  different 
parts  of  the  body,  apparently  without  much  illation  to 
utility,  except  of  course  in  the  case  of  the  fingers ;  and 
after  detailing  these  at  some  length  Mr  Spencer  asks  how 
these  divergences  can  possibly  be  explaine*d  by  natural 
selection.  ''  Why,"  he  asks,  *'  should  the  thigh  near  the 
knee  be  twice  as  perceptive  as  the  middle  of  the  thigh  ?  " 
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And  he  urges  that,  in  order  to  prove  that  these  many 
small  variations  in  different  parts  of  the  body  have  beea 
prcKJuced  by  natiiml  selection,  it  must  be  shown  that  they 
have  influenced  self- preservation.  He  then  goe^  on  to 
show  that  this  perceptive  power  can  be  increased  by 
exercise ;  and  cone lu ties  with  a  theory  that  the  differences 
of  tactual  perception  in  different  parts  are  proportioned 
to  the  aiuounts  and  varieties  of  contact  with  substances  to 
which  they  are  subjected,  and  that  these  variations  in 
amount  and  kind  of  contact  have  produced  diversities  of 
sensibility  in  the  individual,  which,  by  inheritance,  have 
been  accumulated  in  the  oftspring. 

Now,  this  whole  inquiry,  and  the  conclusions  drawn 
from  it,  seem  to  me  (with  all  respect  for  Mr.  Spencers 
great  abilities)  to  afford  a  glaring  example  of  taking  the 
unessential  in  place  of  the  essential,  and  drawing  conclu- 
sions from  a  partial  and  altogether  insufficient  survey  of 
the  phenomena*  For  this  "  tactual  discriminativene-ss/' 
which  is  alone  dealt  with  by  Mr.  Spencer,  fonns  the  least 
important,  and  probably  only  an  incidental  portion  of  the 
great  vital  phenomenon  of  skin-sensitiveness,  which  is  at 
once  the  watchman  and  the  shield  of  the  organism  against 
imminent  external  dangers.  The  sensations  we  receive  by 
means  of  the  skin,  of  contact  with  various  substances, 
smooth  or  rough,  blunt  or  pointed,  dry  or  wet,  cold  or  hot, 
whether  indifferent,  or  pleasurable,  or  painful,  or  agonisingj 
afford  us  information  and  safeguards  'without  which  we 
could,  in  a  state  of  nature,  hardly  exist  uninjured  for  a 
single  day.  And  we  shall  find  that  the  delicacy  of  this 
absolutely  essential  danger-signal  is  ahuast  exactly  in  pro- 

rtion  to  the  vital  imjxjrtance  of  the  part  to  be  protected 

n  m  I  dan  ger,     T  h  us  t h  e  ma  x  i  ni  u  m  o  f  se  nsiti  veness  is  fou  n  d 

in  the  eye  and  its  surrounding  membranes,  not  because 

they  are  most  frequently  subject  to  a  variety  of  contacts, 

for  the  very  reverse  is  the  case,  but  because  this  organ  is 

t  once  the  most  delicate  and  the  most  important  for  the 

ety  of  the  individual  So  the  hands  and  feet  are  not 
very  sensitive  in  those  |>arts  which  are  specially  adapted 
to  come  in  contact  with  external  objects,  but  in  those 
partii  where  the  tendons,  nerves,  and  h I ixkI- vessels  which 
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render  thetn  effective  organs  ai  l^  insist  eirposed  to  injunr, 
EH  ia  the  [mim  of  the  hand  and  the  hollow  of  the  foot,  and 
uspecially  on  the  under  side  of  the  arm  just  above  the 
wrist.  The  parts  of  the  body  which  are  les§  sensitiv^e  are 
th^ise  where  there  are  masses  of  muscle,  the  pancture  of 
which  would  not  cause  any  serious  injury.  It^ill  tbiisbe 
Been  that  sensitiveness  to  pain  from  external  ag^encies  is 
not  at  all  proportioned  to  the  frequency  of  contacts,  but  to 
the  viUil  importance  of  the  parts  to  be  protected ;  and  it 
is.  then^fare,  such  as  could  not  possibly  have  been  pro- 
duced by  inherited  use,  but  must  have  been  developed 
fnAely  by  the  preservation  of  useful  variations ;  and  as  it 
is  eanentially  a  life -preserving  faculty  this  would  inevitably 
have  been  effected, 

It  seeins  most  prolmble  that  the  faculty  of  tactual  dis- 
critnination  of  adjacent  points  is  partly  an  incidental 
result  of  the  distribution  of  nerve-endings  required  by 
skin-sensatien  as  a  preservative  faculty,  and  partly  the 
rebult  of  use  and  attention  in  the  individual  All  the 
facts  adduced  by  Mr.  Spencer  are  in  accordance  with  this 
view,  while  none  of  thetn  in  the  slightej?t  degree  necessitatis 
inheritance  of  individual  experiences  to  account  for  theuL 
To  show  any  probability  of  such  inheritance  it  must  be 
proved  that  this  tactual  discriminativeness  ia  a  special 
fiu*ulty,  due  to  a  different  set  of  nerves  from  the  known 
nerves  of  Bensation,  which,  I  believe,  has  never  even  been 
suggested.  But  if  it  is  due  to  the  same  nerves,  then  to 
sepai'ate  this  small  and  comparatively  unimportant  func* 
tion  of  skin -sen  sat  ion  from  the  great  and  vitally  important 
functiuns  the  &culty  subserves,  and  to  found  upon  this 
artificially  isolated  and  unimportant  fragment  an  argument 
against  the  lulequacj  of  natuml  selection^  is  not  only 
quite  inconclusivej  but,  as  an  argument,  is  altogether  null 
and  void, 

Ar^imenl  frovi  Rudimmtar^  Eyt$, 

The  next  point  discussed  byMn  Spencer  is  the  mode  in 
which  the  eyes  of  the  Proteus  of  the  Carniol a  caverns  have 
been  retlucetl  to  a  rudimentary  condition  ;  his  argument 
beings  that,  unless  the  reduction  in  size  by  disuse  was 
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inherited,  there  is  no  means  of  accounting  for  the  almost 
tot.aI  disappearance  of  the  eyes.  It  may  be  stated  that  the 
views  held  by  the  followers  of  Weiamann  in  this  country 
are,  first*  that  as  natural  selection  is  always  at  work  to 
keep  all  important  organs  when  in  use  up  to  their  full  size 
and  efficiency,  the  withdniwal  of  natural  selection  when 
the  organ  ceases  to  be  used,  termed  by  VfeiBxnanupanmirut., 
will,  by  allowing  the  most  imperfect  as  well  as  the  most 
perfect  eyes  to  survive,  reduce  the  average  size  and  quality 
considerably*  Then  comes  the  consideration  that  in  total 
darkness  such  a  delicate  organ  as  the  eye  would  be 
subject  to  frequent  injury,  producing  inflammation,  and 
either  directly  or  as  a  secondary  result,  death  ;  thus  agai^ 
weeding  out  those  with  the  largest  and  most  promiuent 
eyee,  or  those  which  kept  them  open  habitually  in  the 
effort  to  see.  And,  lastly;  there  would  come  into  action 
what  is  called  economy  of  growth,  the  diminution  of  any 
useless  but  complex  organ  being  beneficial,  owing  to  the 
saving  of  materia!  and  growth- power  in  building  it  up*^ 
It  is  with  this  last  factor  that  Mr  Spencer  deals,  and 
endeavours  to  show  that  the  economy  w^ould  be  infini- 
tesimal, because  the  weight  of  the  eye  of  this  animal  is  so 
smalh  He  supposes  the  reduction  to  be  effected  in  two 
thousand  ye<ars  by  decrements  of  one  two-hundredth  part 
every  ten  years ;  and  taking  the  original  eye  to  have 
weighed  ten  grains,  he  almost  laughs  to  sconi  the  idea 
that  such  an  almost  infinitesimal  amount  of  diminution 
at  any  one  time  could  have  given  the  animals  in  which  it 
thus  diminished  a  greater  chance  of  survival 

Now,    there    are    two   very  serious    ovei^sights  which 
entirely  invalidate  this  argument.     The  eye  is  treated  as 
if  it  were  mere    protoplasm    weighing   so    many  grains, 
'      iiLstead    of  bein^  a   highly   complex    organ  with    which 
I      muscles,  blood-vessels  and   nerves  are  connected  and  co- 

I       all 


*  I  have  omitt«(l  Profe^aor  Rxij  Lankealer^a  Buggestion,  of  ^  proceaa 
aelecUon  owing  to  tho^e  indivitluala  with  more  perfect  ejes  occasion- 
ally  tindmg  their  way  out,  because  the  ftuctistral  immigrante  were 
proba1>ly  oarried  far  into  the  caverns  by  tcirrentml  floods,  and  could 
only  fr^apc^  by  foU owing  the  wnter  to  some  of  ite  outlets,  auccjess  in 
which  woubl  not  depetni  m\  ftpeoial  (icuteness  of  vifsion. 
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organ.  I  pi-eauine  the  original  eye  of  the  ancetstml 
Proteufi  most  have  had  its  three  distinct  sets  of  nerves — 
those  of  vision,  of  sonsation,  and  of  motion — ^involving  is 
their  normal  use  the  expenditure  of  a  considerable  amount 
of  nervous  energy,  besides  the  various  muscles  and  blood - 
vesselii  connected  with  it.  To  measure  the  benefit  to  l»e 
derived  from  the  entire  suppre^ion  of  such  a  co  nip  lei 
organ,  when  it  became  useless,  as  no  more  than  from  the 
gain  of  so  many  grains  of  simple  muscular  tissue,  appears 
to  me  to  be  an  extraordinary  misconception  of  the  condi- 
tions  of  the  problem. 

The  second  oversight  is  in  ignoring  the  tremendously 
severe  struggle  for  existence  that  would  necesssiiily  arise 
when  an  amioal  which  had  heretofore  had  the  full  use  of 
eyf^  in  obtaining  food,  avoiding  danger,  and  finding  its 
mate,  ha<l  to  enter  upon  a  perfectly  new  kind  of  existence, 
in  total  darkness,  and,  moreover,  in  a  place  where  all  kinds 
of  vegetable  or  animal  life  were  so  scanty  that  the  wonder 
ia  how  those  individuals  who  were  first  carried  into  the 
cavern  escaped  starvatioD.  Under  such  conditions  as 
these,  would  not  the  various  modes  of  reduction  of  the 
eyes  above  suggested  act  with  an  energy  and  rapidity  far 
beyond  their  action  under  normal  conditions  ?  And  mi^ht 
we  not  expect  the  most  extreme  variations  in  the  direction 
of  the  abortion  of  the  eye  and  of  its  connected  tissues, 
muscles,  and  nerves,  to  have  an  exceptional  value  when 
the  food  required  for  building  up  the  organism  could  only 
be  obtained  with  the  greatest  difficulty  and  in  the  most 
limited  quantities  ?  Under  such  conditions  I  should  not 
be  surprised  if  the  greater  part  of  the  actual  eye-reduction 
hatl  been  effected  in  fifty  or  a  hundred  years,  instead  of  in 
two  thousand.  But  whether  this  were  the  case  or  no,  it 
will,  I  think,  be  admitted  that  to  ignore  all  these  very  ex- 
ceptional conditions,  and  to  argue  the  case  as  if  the  whole 
matter  were  one  of  the  economy  of  a  few  grains  of  tissue  to 
an  animal  whose  fofxl -supply  was  normal,  does  not  add 
anything  to  the  evidence  for  the  inheritance  of  acquired 
variations* 
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Arg^amtfd  from  the  Giraffe. 

The  only  other  argument  of  importance  arlHuced  by  Mr, 
Spencer  is  that  drawn  from  the  g-imffo.  This  ai^unient 
was  first  stated  at  some  Itjn^th  in  nis  essay  on  The  Fackyrs 
of  Organic  Evolution ,  in  188G  ;  and  it  is  now  repeated  and 
enforced  by  some  additional  considerations,  although,  Mn 
Spencer  says,  he  htis  met  with  nothing  that  am  be  called 
a  reply ;  and  he  adds,  that  my  contention  (in  Darwinism) 
that  what  he  alleges  cannot  be  done  by  natural  selectiun  hiis 
been  done  by  artificial  selection — assumes  a  parallelism 
that  does  not  exist.  I  therefore  propose  to  examine  this 
case  more  carefully,  and  shall  show  that  the  parallelism  I 
assume  is  a  very  close  one,  and  that  natural  selection  is,  aB 
Darwin  himself  believed,  fully  competent  to  account  for 
the  facts.  ^ 

Mr,  8pencer*s  argument  is,  briefly  stated,  that  to  develop 
such  an  animal  as  the  gimffe  from  some  iinte lope-like 
ancestor  requires  many  coincident  and  co-ordinate  varia- 
tions of  different  parts — each  increase  in  the  length  of  the 
neck,  of  the  heiul,  of  the  fore  or  hind  limbs,  or  of  either  of 
the  boneB  composing  them,  requiring  corresponding  in- 
crease of  muscles,  nerves,  and  blood-vessels,  not  only  of 
such  as  are  immediately  connected  with  the  enlaif^ed 
limb,  but  often  in  remote  parts  of  the  body  whose  motions 
are  necessarily  co-ordinated  with  it.  He  maintains  that 
any  increase  of  one  part  without  the  adjusted  increase  of 
other  parts  would  cause  evil  rather  than  good ;  and  that 
want  of  co-adaptation,  even  in  a  single  muscle,  would 
cause  fatal  results  when  high  speed  had  to  be  maintained 
while  escaping  from  an  enemy.  Then,  again,  not  only  the 
iizes  but  the  shapes  of  the  bones  have  to  be  altered  as  the 

ujicles  are  increased  in  size  and  the  motions  of  the 
IS  P&its  of  the  body  change ;  and  this  introduces 

sh  difficulties  which  are,  again  and  again,  declared  to 
be  insurmountable.  And  after  elaborating  all  these 
alleged  difficulties  at  great  length,  he  arrives  at  the  con- 
clusion that,  unless  the  increase  or  modification  of  parts 

^  Origin  0/8pecit^,  p,  177,  ftud  inore  fully  and  with  *dtiiirftble  farue 
in  Amftmiitatid  Plani^  under  DrnneMhfiiUni,  vqL  it  p.  221. 


^B    ^  Origin  &J 
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due  to  use  by  the  individual,  is  inherited,  there  can  have 
been  no  evolution. 

Now,  I  believe,  and  hope  to  be  able  to  prove,  that  these 
accumulated  difficulties  are  almost  wholly  imaginary,  and 
arise  from  a  neglect  to  consider  known  facts  of  variation 
and  known  methods  of  adaptation.  Mr,  Spencer  accepts 
the  fact  that  I  and  others  have  laid  stress  upon,  that 
individual  variations  are  continually  txicurring  in  all  parts 
of  the  organism  and  in  all  directions,  and  that  the  varia- 
tions  of  each  part  are  often  independent  of  each  other; 
but  he  ignores  the  equally  undoubted  fact  that  certain 
parts  are  correlated,  and  very  often  do  vary  simultaneously. 
The  diagrams  I  have  given  in  my  Danoinism  show  this 
clearly.  A  considerable  number  of  parts »  as  the  wings 
and  tail,  tansi  and  toes  of  birds,  usually  vary  together, 
either  to  the  same  or  to  a  different  amount ;  but  all  of  them 
sometimes  vary  independently,  and  even  in  an  opposite 
direction  to  each  other;  and  .such  irregular  variations 
evidently  afford  the  very  best  material  for  natural  selection 
to  work  upon,  since  any  kind  of  variation,  either  coincident 
or  independent,  can  be  rapidly  accumulated.  This  fact 
alone  does  away  with  half  of  Mr.  Spencers  difficulties. 

Another  considenible  portion  of  the  supposed  difficulties 
is  created  by  assumptions  ivhich  pervade  his  articles  but 
which  are  opposed  to  the  facts  of  nature.  He  tacitly 
assumes  that  natural  selection  w^orks  by  the  preservation 
of  large  individual  variations^ — "  sports  *'  as  they  are  often 
termed ;  w^hereas  b<jth  Darwin  himself  and  all  his  followers 
entirely  reject  these  as  causes  of  modification  of  species 
(except  perhaps  in  rare  cases  where  they  may  initiate 
new  organs),  and  rely  w^holly  on  those  individual  variations 
which  occur  by  thousands  and  tens  of  thousands  in  everj' 
generation.  Sin  Spencer  continually  uses  such  expres- 
sions as,  **  This  one  has  unusual  agility " ;  '*  that  one 
develops  longer  hair  in  winter  *' ;  '*  another  has  a  skin  less 
irritated  by  flies";  "  it  is  needful  that  the  individual  m 
which  it  occurs  shall  have  more  descendants  "  ;  "a  varia- 
tion ,  .  ,  might  sensibly  profit  the  individual  in  which  it 
occurred  " ;  '*  would  an  inaividual  .  .  .  survive  " ;  "  favour- 
able variations  .  -  .  would  disappear  again  long  before 
one  or  a  few  of  the  co-operative  parts  could  be  apprr*- 
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priatelv  varied."  The  same  assumption  pervades  the 
writiug8  of  most  of  the  app^^nents  of  Weismann.  Thus 
Mr.  Keeler,  in  the  work  already  quoted,  says,  referring  to 
the  morlification  of  organs  by  variation  and  selection  only: 
*'  This  explanation  is  open  to  two  objections:  first,  the  one 
already  raised  by  Mr.  Spencer,  that  before  the  second 
correlative  variation  appeared  the  fii^t  would  be  lost;  and, 
aticond,  the  suggestion  of  Cunningham  in  regard  to 
assuming  that  use  cot i Id  develop  the  character  required, 
but  that  the  individual  thus  favoured  could  not  transmit 
the  variation,  but  that  posterity  muE^t  wait  for  the  j^imt* 
variation  to  arise  spontaneously.  This  h^^othesis  is  so 
forced,  illogical,  and  absurd,  that  so  long  as  a  better  one 
can  be  found  it  should  be  adopted/' 

Now  all  this  implies  that  there  are  but  few  variations 
occurring  at  long  intervals;  the  facts  being  that,  in 
populous  species,  every  generation  afiFords  many  thousands 
of  variations  of  every  observable  part  and  oi^n ;  whence  it 
follows  that  the  inaividuab  of  every  such  species  can  be 
divided  into  two  sets  4is  regards  each  organ  or  each  group 
of  parls,  such  as  those  with  a  longer  and  those  with  a 
shorter  neck,  those  with  neck  and  legs  longer  and  those 
with  the  same  parts  shorten  In  the  latter  case  perhaps  a 
(|uarter  or  an  eighth  only  of  the  whole  population  would 
be  found  in  each  category ;  but  as,  in  most  cases,  not  one 
eighth  part  of  those  bom  each  year  can  survive,  this 
would  be  ample »  It  will  be  seen  that  the  facilities  for 
modification  are  thus  indefinitely  greater  than  the  expres- 
sions and  arguments  of  Mr.  Spencer  and  his  sup|K>rters 
assume  them  to  be, 

Aiiother  tacit  asBumption  is,  that  in  nature  all  the 
individuals  of  a  species  have  their  parts  so  perfectly  co- 
ordinated that  any  increase  of  one  f*art  only  would  disturb 
the  hanuonious  adjustment  and  be  a  disadvantage.  But 
this  is  t^itally  to  misconceive  the  situation.  The  adjuist- 
ment  of  parts  is  a  rough  working  atljusLment,  sufficient 
for  the  purpise  of  maintaining  life,  but  capable  of  being 
improved  (or  deteriorated)  by  very  many  slight  modifica- 
tions of  single  parts.  To  illustrate  this  general  afljust- 
ment,  let  us  supixtse  we  have  before  us  for  comparison  all 
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the  county  elevens  of  English  cricketei's,  Wc  shall  have 
a  body  of  some  hundreds  of  picked  meti,  all  of  whom  are 
pnjbably  above  the  average  as  runners,  arc  exceptionally 
quick  with  eye  and  hand,  and  are  all  more  or  less  active 
and  muscular.  They  vary,  of  course,  in  their  special 
cajjacities,  whether  as  batters,  bowlei^,  fielders,  or  wicket- 
keepers,  but  it  is  certain  that  most  of  them  would  take  a 
high  place  in  almost  any  form  of  athleticism  to  which 
they  chose  to  apply  themselves.  Yet  these  men  would  not 
resemble  each  other  clt*sely  in  stature  or  proportiooa  We 
should  find  among  them  tall  and  short,  slemler  and  stout; 
and  among  those  of  the  s^ime  height  proportions  would 
difler,  some  being  long-legged,  others  short-legged,  and 
perhaps  no  two  of  the  lot  would  be  found  to  have  exactly 
the  same  pmfwjrtions  in  all  measurable  parts  of  the  body. 
We  are  thus  shown  that  a  high  average  result  of  strength 
and  activity  can  be  reached  by  very  various  combinations 
of  the  bones  and  muscles  of  the  limbs  and  other  variable 
parts,  and  we  can  hartUy  doubt  that  almost  all  of  these 
men  could  be  rendered  still  more  efficient  cricketers  or 
athletes  by  some  slight  improvement  in  their  organisation. 
One  would  run  better  if  his  legs  wem  longer,  another 
would  throw  and  bowl  better  if  his  arms  were  shorter  and 
more  muscolar;  and  such  changes  would  be  efiTective 
because  these  parts  are  now  imperfectly  co-ordinated  with 
the  rest  of  the  body. 

The  considerations  suggested  by  this  illustrative  case 
immensely  increase  the  facilities  for  the  improvement  of 
any  faculty  required  by  natural  selection,  and  they  enable 
us  to  understand  the  process  by  which  both  natural  and 
artificial  selection  have  been  able  to  modify  the  form  and 
qualities  of  so  many  animals.  It  is  not,  as  Mr,  Spencers 
argument  assumes,  by  the  sc^lection  of  imiirovements  in 
any  special  bone,  or  muscle,  or  limb  that  these  modifi- 
cations have  been  efifected,  but  by  the  seleciion  of  th4 
capacUus  or  qualities  TtsuUlng  front  Uie  mjinittly  varied 
mmhination  of  *mrialiun»  that  are  ahtaps  occurritiff.  Horses 
have  been  improved  by  preserving  the  swiftest  for  racing, 
the  strongest  for  the  plough,  and  a  combinatiun  of  speed, 
endurance,  and  jumping  for  the  hunting  field*     Improved 
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P  combinations  do  occur  in  all  these  classes  in  every  fresh 

generation ;  and  breederss  know  that  from,  say  a  hundred 

thaH*wild  horses,  whether  from  the  prairieSj  the  pampas, 
©r  the  Australian  bush,  careful  selection  could  obtain — 
probably  in  lass  than  a  century — very  excellent  representa^ 
tives  of  each  of  the  three  ab^we- mentioned  ty].>es  of  horses. 
Recurring  now  to  the  case  of  the  giraffe,  whose  whole 
organisation  has  been  modified  so  as  to  obtain  an  almost 
unlimited  feeding*ground  from  bushes  and  trees  far  above 
the  limits  eaten  off  by  the  tallest  antelopes  and  buffiiloes, 
we  see  that  numerous  successive  modifications  have  all 
worked  in  this  one  direction — the  large  size,  the  enormous 
shoulders  giving  a  sloping  back,  the  correspondingly  long 
neek,  the  long  head,  and  the  elongated  prehensile  tongue, 
so  that  a  full-grown  male  giraffe  can  feed  up  to  twenty 
feet  above  the  ground, 

•  In  considering  how  this  was  brought  about  we  must 
remember  that  the  struggle  for  existence  is  very  inter- 
mittent in  character.  A  severe  drought  causing  a 
scarcity  of  herbage,  and  leading  the  antelopes  and 
buffaloes  to  compete  with  the  giraffes  for  the  foliage  near 
the  ground,  may  occur  at  intervals  of  from  twenty  years 
to  a  century.  When  such  droughts  occur,  animals  that 
can  feed  half  a  foot  higher  than  others  would  survive ;  not 
one  individual  here  and  there,  but  the  tenth  or  twentieth 
part  of  the  whole  population  in  a  given  district,  amounting, 
perhaps,  to  many  thousands  of  individuals.  These  taller 
H  survivors  would  go  on  increasing  for  another  long  period, 
■  in  the  meantime  being  subject  to  the  usual  struggle  with 
wild  beasts  and  other  dangers,  natural  selection  keeping 
the  whole  organism  up  to  the  mark,  till  another  period  of 
scarcity  led  a^in  to  an  elimination  of  the  shortest. 
Those  that  survived  would  not  be  all  alike;  some  would 
gain  the  increased  feeding  power  by  higher  shoulders, 
some  by  longer  neck,  or  longer  he^d,  or  more  extensible 
tongue,  or  by  various  combinations  of  the^e  variations; 
and  the  regular  elimination  of  the  weaker  or  less  active 
in  every  year  of  the  intervening  periods,  together  with  the 
equalising  result  of  constant  intercrossing,  would  produce 
^a   race  possessing  the   one  essential  character  of  lofty 
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feeding  power  by  means  of  the  altogether  unique  com- 
bination of  chamcters  found  in  the  girarte.  There  has 
been  ample  time  for  the  process,  probably  the  whole  ol 
the  pliocene  period ;  and  in  view  of  the  known  amount  of 
variability  in  all  parts  of  the  oi^nism,  and  the  inter- 
mittent nature  of  the  struggle  for  existence,  there  seems 
far  less  difficulty  in  the  production  of  this  animal  than  in 
the  production  of  the  beautiful  and  perfectly  co-ordinated 
greynound  in  an  almost  infinitely  shorter  time, 

And  now  we  see  how  very  close  is  the  parallelism 
between  artificial  selection  and  natui'al  selection,  and  how 
purely  imaginary  are  the  difficulties  of  co-ordination  set 
forth  so  elaborately  by  Mr.  Spencer,  For,  by  the 
preference  of  some  men  for  swiftness  in  their  dogs^  of 
others  for  those  which  followed  game  by  sight  rather  than 
by  scent,  of  othem  again  for  elegant  slendemess  of  form, 
the  greyhound,  almost  as  perfect  as  we  now  see  it,  had 
been  already  developed  in  the  time  of  the  ancient 
Egyptians  from  some  wolf- like  wild  ancestor.  Men  have 
always  preserved  fuulUies,  not  single  charactei's,  just  as 
nature  preserves  the  qualities  of  speed,  strength,  agility, 
acute  scent  or  vision,  not  any  particular  variation  of  bone, 
muscle,  or  member  The  two  modes  of  selection  are  thus 
strictly  analogous  and  strictly  comparable ;  and  the  whole 
elaborate  structure  of  *'  insurmountable  difficulty  "  founded 
by  Mr,  Spencer  on  the  supposed  imj>ossibility  of  tidjust 
ment  of  parts  by  variation  and  selection,  falls  to  the 
ground*  As  a  matter  of  fact,  there  is  a  sufficiency  of 
useful  variation  always  present  in  each  succeeding 
generation  to  increase  any  required  life -preserving 
quality,  all  theoretical  objections  to  the  contrary  notwith- 
standing. 

The  Small  Jaw  in  CwUised  Man, 

In  hh  Pnnciphs  of  Biology,  Mr.  Spencer  discussed, 
briefly,  the  smaller  jaws  of  civilised  races  as  only  to  be 
explained  by  the  inheritance  of  successive  reductions  pro- 
duced by  the  use  of  softer  fmjd,  since  any  advantage  to  be 
gained  by  each  step  of  the  process  would  be  Uya  minute  to 
have  any  appreciable  effect  in  saving  life  under  any  possi- 
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ble  circumstances.  In  his  Faetcrs  of  Orgrfnic  £volnti(m 
he  recurs  to  the  .subject,  in  order  to  exclude  two  imaginable 
causes  which  he  had  not  before  referred  to — a  correlation 
of  decreased  jaw  with  increased  brain,  which  he  rejects, 
because  many  small-brained  people  are  also  small-jawed, 
while  others  distinguished  for  their  mental  power  have 
yet  jaws  above  the  average  size :  and  sexual  selection, 
which  he  a)s4>  rejects  for  obvious  and  valid  reasona 

Subsequently,  the  same  question  was  discussed  by  Mr. 
W.  Piatt  Ball,  in  his  excellent  little  work.  Are  (He  Effects  of 
Use  fijul  I}isum  Ijihcrited  f  He  shows  that  the  difference 
of  size  is  less  than  has  been  supposed,  while  the  great 
range  of  variation  in  the  ^vm  and  weight  of  the  jaw,  noth 
in  civilized  and  savage  races,  renders  all  comimnsons  use- 
less unless  founded  on  a  %'ery  large  number  of  specimens. 
He  then  accounts  for  the  reduction  that  actually  exists  by 
a  variety  of  suggested  causes,  some  of  which  are  undoubtedly 
open  to  criticism.  He  also  states  that  he  "  allows  for  a  re- 
duction proportional  to  that  shown  in  the  rest  of  the  skull/' 
because  some  other  agency  than  disuse  must  have  reduced 
the  thickness  of  the  skull,  and,  presumably,  of  the  jaws 
also;  after  which  allowance  there  remains  but  a  small 
further  reduction  <if  the  jaws  to  be  accounted  for. 

This  portion  of  Mr  Piatt  Balls  work  called  forth  a  very 
minute  criticism  from  Mr.  F.  Howard  Collins,  which,  being 
declined  by  the  editor  of  Natnrr — as  the  author  tells  us  in 
his  preface — has  been  published  in  [)aniphlet  form.  As  Mr, 
Collins  is  the  author  oi  An  Epifonie  of  the  Synthetic  Pkilo- 
sophjf,  so  well  done  as  to  have  received  the  approval  of  Mr, 
8pencer  himself,  he  may  be  supposed  to  speak  with  some 
authority  when  he  undertakes  to  attack  one  of  Mr.  Spencer  a 
critics ;  and  for  this  reason  I  think  it  advisable  to  point 
out  the  erroneous  and  illogical  principles  on  which  his 
whole  argument  is  founded.  In  order  to  compare  the  jawa 
of  Australians  with  those  of  recent  Englishmen,  he  takea 
one  linear  dimension  of  the  jaws,  cubed  to  get  the  propor- 
tionate bulk,  and  compares  this  with  the  cubical  contents 
of  the  skulls  to  which  the  jaws  belong,  that  is^  with  the 
mass  of  the  bmin.  Now»  as  the  Australians  have  very 
much  smaller  brains  than  Europeans,  to  compare  the  jaw 
with  the  skull-capacity  is  to  make  it  appear  much  larger 
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in  the  Australian  and  smaller  in  the  EuropeaTi,  even  when 
tha  actual  size  is  identical.  Why  should  the  jaw  be  mea- 
sured by  the  bmin  as  a  ataudard,  any  more  than  the  foot, 
the  hand,  or  tho  stature  ?  On  the  same  priociple  the 
Australians  might  be  proved  to  have  very  large  hands,  and 
to  be  much  taller  that  Englishmen,  whereas,  like  most 
savages,  they  have  i-ather  small  hands,  and  are  hanlly  our 
equals  in  stature.  The  only  reasonable  way  of  comparing 
the  jaws  of  two  races  so  nearly  equal  in  stature  as  Austra- 
lians and  Englishmen,  is  to  compare  them  directly.  The 
jaw  IS  really  a  limb,  used  in  the  mastication  of  food  to  supply 
the  whole  body  with  nourishment,  not  the  brain  only  ;  and 
its  true  organic  relation  is  with  the  body,  not  with  the 
brain  case  to  which  it  is  attached,  still  less  with  the  bmin 
itself  By  the  illogical  process  he  uses,  of  first  increasing 
the  linear  dimension  of  the  Australian  s  jaw  in  the  same 
proportion  as  the  English  skull  is  larger  than  the  Australian 
skull,  without  attempting  to  ascertain  whether  the  depth 
and  thickness  increase  in  the  same  proportion,  and  then 
cubing  this  dimension,  he  arrives  at  the  amazing  result  that 
the  Australian's  jaw  is  very  nearly  double  the  bulk  of  the 
modem  English  jaw  !  Mr.  Piatt  Ball,  on  the  other  hand, 
finds  the  weight  of  the  latter  to  be  only  5  per  cent  leas, 
when  reducea  in  proportion  to  the  lighter  skull,  the  Eictual 
difference  being  17  percent, ;  but  both  results  are  founded 
on  far  too  small  a  number  of  specimens  to  be  in  any  way 
trustworthy.  Mr,  Collins  then  replies,  and  I  think  forcibly, 
to  two  of  Mn  Ball's  suggested  causes  of  the  decrease — 
lightness  of  structure  facilitating  agility ^  and  sexual  selec- 
tion— but  he  passes  over  the  two  which  have  most  weight, 
the  one  as  a  '*  tentative  suggestion,"  the  other  altogether 
unnoticed  ;  namely,  cessation  of  selection,  and  increase  or 
decrease  caused  by  use  and  disuse  in  the  individual.  The 
first,  Mr.  ColHns  says,  with  a  strange  misapprehension  of 
the  point,  would  only  affect  the  weight  and  thickness  of  the 
jaw  J  not  the  peripheral  measurement  which  he  has  used. 
But  why  should  not  the  size— ^ the  length  and  depth — of 
the  jaw  be  quite  as  important  as  the  thickness  and  strength  ? 
The  greater  length  and  depth  of  the  jaw  would  be  effeetive 
in  giving  more  room  for  the  attachment  of  the  muscles  on 
which  the  whole  efficiency  of  the  masticating  organ  depends 
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as  well  as  by  affording  space  for  the  full  development  of 

lai^  and  well-foruicd  teeth.     Jn  the  early  stages  of  huimiu 

fjrugress,  when  much  indigestible  food  had  to  be  eaten, 
arge  bones  to  be  gnawed,  and  meab  to  be  hastily  devoured, 
the  large  and  powerful  jaw  would  be  preserved  by  natural 
selection.  But  civilised  man  has  no  need  for  such  a  bulky 
apparatus,  hence  the  average  size  of  the  jaw  would  fall 
"  from  the  birth -mean  to  the  survival -mean,"  to  use  Mr. 
Lloyd  Morgan  s  neat  expression — small-jawed  men  being 
at  no  disadvantage  in  the  struggle  for  existence ;  whence 
the  occurrence  among  us  of  very  small  and  very  large 
jaws,  though  with  a  lower  average  than  among  the 
Australians. 

The  other  point — and  I  believe  a  very  important  one — is 
the  diminution  J  in  the  individual,  due  to  comparative  use 
and  dbuse.  From  the  time  the  first  teeth  are  obtained,  the 
jaws  are  used  in  mastication  many  times  a  day,  and  the 
difference  in  the  amount  of  exertion  and  strain  on  the 
muscles  and  bone,  in  the  case  of  a  civilised  European  living 
mostly  on  soft  or  well-cooked  food  and  the  savage  chewing 
up  tough  mots  and  tearing  half-niw  flesh  from  the  bones  of 
almost  any  animal  he  can  kill,  must  be  very  great.  This 
difference  acting  while  the  bones  of  the  face  are  growing, 
in  the  period  between  childhood  and  manhood,  and  to  a  less 
degree,  perhaps,  on  to  middle  age,  would  ceitainly  lead  to 
a  difference  of  size — and  probably  to  a  lai'ge  portion  of  the 
difference  that  actually  exists — between  the  jaws  of  savage 
and  civilised  man.  If  we  consider,  further,  that  con- 
currently with  the  diminished  use  of  the  jaws  there  weis 
an  increased  u;^  and  development  of  the  bi'ain,  it  may 
well  be  that  the  process  of  reduction  of  the  former  was 
facilitated  by  the  divGi^ion  of  a  portion  of  the  supply  of 
arterial  blood  to  the  latter- 

These  two  causes^cessation  of  selection  or  paiimiocm, 
and  the  effect  on  the  indiv^idual  of  greater  or  less  exercise 
of  the  parts^ — are  admittetlly  real  causes,  their  effects  can 
be  roughly  estimated,  and  they  seem  fully  adequate  to 
account  for  the  compiuativcly  small  ditl'ereucc  that 
actually  exists  between  the  jaws  of  the  lowest  and  highest 
races  now  on  the  elobe. 
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Indimhud  MoiH/ication, 

The  question  of  purely  individual  modification  bj  ust 
or  environment  requires  fu rtht^r  coDHideration,  because. 
owing  to  the  nnheisitatiug  acct-ptance  of  the  inheritaiice 
of  acquired  characters  bj  1  )ai->^'in  tind  moat  contemporai^^ 
n at uni lists,  the  important  bearing  of  facts  proving  the 
effect  of  external  conditions  on  individuals  has  been,  and 
still  is,  altf>gether  overlooked.  Two  cases  in  particular 
are  continually  quoted  by  the  advocates  of  inheritance, 
as  if  they  were  in  some  way  antagonistic  to  Weismann's 
theory,  whereas  they  really  supjiort  that  theor}',  and 
alniost  prove  it.  The  first  is  that  of  the  Texan  species  of 
Saturnia  (Emperor-moth)  which  feeds  on  the  black  walnut 
{Juglmu  mgra),  and  which,  when  pupoB  were  brotight  to 
Switzerland  and  the  larva?  raised  from  the  eggs  laid  by 
the  moth  were  fed  on  the  common  walnut  {Jnglans  rfgi£)^ 
produced  moths  which  differed  so  much  from  the  parent 
both  in  colour  and  form  that  it  appeared  to  be  a  new 
species.  Darwin,  w^riting  to  Wagner  of  this  case,  says: 
*'  When  I  wrote  the  Orif/in,  and  for  some  years  afterwaras, 
I  could  find  little  good  evidence  of  the  direct  action  of  the 
environment;  now  there  is  a  large  body  of  evidence,  and 
your  case  of  the  Saturnia  is  one  of  the  most  remarkabliJ 
of  which  I  have  heanj/'  In  referring  to  this  letter, 
Professor  H.  F.  Osborn,  in  one  of  the  most  intelligent 
discussions  of  this  question  I  have  yet  seen  from  m\ 
American  author,  says,  "  Darwin  distinctly  abandoned  tlie 
utility  principle  in  the  case  of  Saturnia  '* ;  ^  and  Mr.  D.  G> 
Elliott,  in  his  presidential  addi-ess  to  the  Americaii 
Ornithologists*  Union  in  1891,  quoti^d  the  same  case  as 
affording  striking  evidence  of  the  transmission  of  acquired 
modifications. 

Professor  Lloyd  Morgan  (in  his  Anvmul  Life  and 
InleUigence,  pp.  103^100)  sees  clearly  that  this  and  other 
cases  do  not  prove  more  than  a  modification  of  the 
individual :  but  it  seems  to  me  to  go  further  than  thb. 

*  Are  Aeqtdrtd    Vari<tiion*  Inherited?    An   Ai-gumeJit,   hy   'S^arfm 
Fairfield  DaWrn,  [ii  Tht  Amerirun  NatttralLt,  Ftliruarj,  I89L 
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For  here  we  have  a  species,  the  larvie  of  which  for 
thoosands,  perhaps  millions  of  generations,  have  fed  upon 
one  species  of  plant,  and  the  perfect  insect  has  a  definite 
set  of  characters.  But  when  the  larvte  are  fed  on  a 
distinct  but  allied  species  of  plant,  the  resulting  ^lerfect 
insect  differs  both  in  colouration  and  foi-ni.  We  may 
concludt^  from  this  fact,  that  some  portion  of  the  characters 
of  the  Texan  species  were  dependent  on  the  native  food* 
plant,  Juglans  nigra,  and  that  this  portion  changed  under 
the  influence  of  the  new  fofxl- plant.  Yet  the  intiuence  of 
the  native  foot!  had  been  acting  uninterruptedly  for 
unknown  ages.  Why  then  had  the  resulting  characters 
not  become  fixed  and  hereditary  ?  The  obvious  conclusion 
is,  that,  being  a  change  produced  in  the  body  only  by  the 
environment,  it  is  not  hereditary,  no  matter  for  how  many 
generations  the  agent  continues  at  work ;  in  Weistnann's 
phraseology^  it  is  a  somatic  variation,  not  a  germ- 
variation. 

The  other  case  is  that  of  the  brackish  water  shrimp, 
ArUmia  saiina,  which,  by  the  water  becoming  gradually 
Salter,  was  changed  into  what  had  before  been  considered 
a  distinct  species,  ^-1  millmuunii;  and  the  reverse  change 
was  also  effected,  the  modification  in  both  eases  being  in 
proportion  to  the  alteration  in  the  salinity  of  the  water, 
and  therefore  spread  over  two  or  thi'ee  generations.  Here 
too  there  seems  to  be  no  heredity,  however  long  either 
form  has  been  submitted  to  the  influence  of  the  modifying 
medium. 

Similar  to  this  is  the  case  given  by  Mr.  Thiselton 
Dyer  {NaiuT$,  vol  xliii.»  p.  581)  of  the  tissue-papery 
leaved  Arahu  anaclwretica,  which  grows  in  hollows  of 
rocks  sheltered  from  sun  and  rain,  but  which,  when 
cultivat^ed  at  Kew,  changed  at  once  to  the  common  Arabia 
alfina,  of  which  it  is  a  mollification  due  to  the  action  of 
the  environment  on  the  individual  plant.  How  different 
is  this  from  the  behaviour  of  plants  which  have  been 
developed  by  germ -variation  and  selection,  such  as  most 
of  the  true  alpine  plants  which  retain  their  compact 
dwarf  foliage  and  large  flowers  under  very  different 
conditions  when  raised  irom  seed  in  our  gardens !     Other 
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Species,  however,  which  have  a  considerable  range  and 
becoiiie  d  war  led  in  some  localities  by  adverac*  conditions 
of  drought,  w  ind,  or  other  cauaes,  at  once  grow  to  a  larger 
size  when  cultivated  and  sheltered.  Many  of  our  Briti^ih 
botanists  are  now  applying  this  test  to  distinguish  thos«? 
forms  of  our  native  plants  which  owe  their  peculiaritie-s  to 
germ- variation  from  those  w^hich  have  been  moditial 
individually  by  the  action  of  the  environment.  We  are 
often  unable  to  decide  by  mere  observation  to  which  class 
any  pirticular  variety  or  local  form  belongs,  but  cultivation 
at  once  detenu ine^  the  point ;  for  while  the  former 
transmit  their  peculiarities,  however  minute  these  maybe, 
to  their  offspring,  the  latter  revert  at  once  to  the  parent 
fonn.  Mr.  Beeby  has  proj>osed  to  call  the  former  class 
*' intrinsic,"  the  latter  "  extrinsic  **  varieties,  usetul  tenns 
which  indicate  that  the  one  are  due  to  an  internal  cause, 
are  therefore  stable,  and  show  us  the  incipient  stage  of 
sjKJcies-formation ;  while  the  other  is  merely  an  external 
modification  of  the  individual  which  has  no  stability^ 
being  wholly  due  to  the  direct  action  of  the  environment* 
It  is  very  important  to  note  the  sharp  distinction  between 
these  two  kmds  of  varieties,  externally  ho  alike,  though 
having  a  fundamentally  different  origin.  There  appean^ 
to  be  no  gradation  from  one  to  the  other.  The  individually 
acquired  or  exlrifisic  chaiuctcr,  however  long  it  may  have 
pei"yisted,  disappears  in^stantly  when  the  special  environ- 
ment that  produced  it  is  changed,  na  in  the  case  of  the 
Texan  Saturnia,  the  papery-leaved  Arabia,  and  many 
similar  cases ;  while  intrijtsic  chaiucters — those  due  to 
germ -variation — however  slight  they  may  be,  as  in  the 
various  races  of  mankind,  many  of  the  closely  allied 
species  of  moths,  and  S4:>me  of  the  sub-species  or  varieties 
of  our  native  plants,  preserve  their  clianicteristic  features 
under  grotxtly  changed  conditions. 

The  cases  now  given  of  change  in  the  individual  due  to 
external  causes  and  often  of  a  very  marked  character, 
render  it  exceetlingly  probable  that  a  large  portion  of  the 
observable  difference  in  the  si^e  of  the  jaws  of  civil ist*d 
man  and  of  some  domesticated  animals^  a^  well  as  all  those 
changes  produced  more  or  less  suddenly  by  a  change  in 
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the  environment,  are  mere  individual  effects  which  are 
not  hereditary ;  while,  whenever  such  changes  appe^ir  in 
species  that  have  long  been  subjected  to  u inform  conditions 
—as  in  the  case  of  the  Texan  Satumia — they  indicate 
that  some  portion  of  the  external  peculiarities  of  those 
gpeciefl  were  individually  acquired  characters,  and  there- 
fore afford  strong  evidence  of  the  non-inheritance  of  such 
characters. 

_  Sttmmai'y  of  the  Ar^um^nt 

W  I  have  now  fairly  met,  so  far  as  the  space  at  my 
disposal  will  allow,  the  strongest  arguments  of  the 
advocates  of  use-inheritance  as  a  law  of  nature  and  a3  a 
factor  in  evolution,  I  have  shown  that  the  effects  which 
it  ought  to  produce  in  the  case  of  mankind  do  not  appear, 
and  that  breeders  of  animals  do  not  recognise  it  at?  a  factor 
to  be  taken  account  of.  The  alleged  cases  of  inherited 
habits  or  instinct,  supposed  to  be  useless,  are  shown  in  one 
case  to  be  not  necessarily  so  ;  while  all  such  cases  involve 
so  many  elements  of  uncertainty  or  ignorance  that  no 
conclusion  of  value  c^n  be  drawn  from  them.  The  alleged 
difficulty  of  the  origin  of  horns  except  by  the  inherited 
effect  of  blows  and  pressures,  I  have  shown  to  be  founded 
on  error  as  to  fact ;  and  their  origin  by  normal  variation 
and  their  development  where  useful  by  selection,  to  be 
supported  by  the  frequent  occurrence  of  dermal  excres- 
cences in  many  animals.  The  case  of  the  mammalian 
teeth  has  been  shown  to  be  tjuite  expHcable  without  use- 
inheritance,  the  mode  of  action  of  which  is.  in  this  case, 
itself  inexplicable.  Mr.  Herbert  Sjjencers  three  main 
arguments  to  prove  the  inadequacy  of  natural  selection  have 
been  fully  discussed,  and  have,  I  venture  to  think,  lieen 
showTi  to  be  entirely  inconclusive,  since  they  are  either 
founded  on  comparatively  unimportant  and  adventitious 
peculiarities,  or  on  a  neglect  of  some  of  the  most  important 
conditions  under  which  natural  selection  in  its  various 
forms  comes  into  Y>lay. 

In  order  to  render  the  position  clearer  I  wish,  before 
concluding,  to  say  a  few  words  on  the  general  question* 
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Thtxse  who  are  termed  Neo- Darwinians  do  not  yet  main- 
tain that  use-inheritance  (to  use  Mr*  Balls  convenient 
term)  does  not  exist,  but  merely  that  it  has  not  been  proved 
to  exist.  Whether  it  actually  occurs — and  if  it  occurs  at 
all,  I  believe  it  must  occur  constantly — can  only  be  proved 
either  by  very  careful  and  long-continued  experiment,  or 
by  the  demonstration  of  some  theory  of  heredity  which 
either  necessarily  includes  or  excludes  it.  But  even  if  it 
does  exist  I  niyaelf  believe  that  it  is  altogether  unimpor- 
tant as  a  factor  of  evolution,  and  that  we  have  evidence 
sufficient  to  prove  that  natural  selection  is  not  inadequate 
for  want  of  it 

When  we  urge  that  the  effects  of  use-inheritance,  if  it 
exists,  ought  to  be  abundantly  visible  in  some  such  wap 
iis  I  have  suggested  in  the  early  portion  of  this  chapter, 
its  advocates  reply »  that  only  a  small  portion  of  what  m 
acquired  by  the  parent  is  transmitted  to  the  offspring,  and 
that  its  effects  may,  therefore,  only  become  visible  after  a 
long  series  of  generations ;  but  as  it  is  neceasarily  cumu* 
lative  it  must  produce  a  considerable  result  in  the  course 
of  ages.  All  we  can  say  in  reply  to  this  is,  that  it  is  pure 
hypothesis,  and  that  if  true,  it  may  serve  to  explain  the 
difficulty  of  obtaining  evidence  in  its  favour,  but  at  the 
same  time  it  indicates  that  use-inheritance  can  be  of  no 
value  as  a  factor  in  evolution.  Variation  is  so  large  and 
so  constant  that  any  required  character  can  be  greatly 
modified  in  a  very  short  tune,  of  which  Darwin  gives  many 
illustrations.  The  comb  of  the  Spanish  cock  was  made 
upright,  the  comb  and  wattles  of  the  Polish  fowl  were 
completely  abijlished,  and  the  average  weight  of  ducks 
was  raised  from  four  pounds  to  six  pounds  in  a  few  years. 
Our  sheep,  pigs,  and  cattle  were  wonderfully  improved, 
and  often  completely  changed  in  form  between  the  latter 
Ijortion  of  the  eighteenth  an<l  the  first  half  of  the  pre-sent 
century,  while  many  of  our  fiowers  and  fruits  have  been 
nearly  doubled  in  size,  and  greatly  improved  in  fono  and 
colour  in  the  same  period.  But  natural  selection  has  a 
great  advantage  over  artificial  selection  in  the  enormous 
scale  on  which  it  works, giving  much  greater  scope  for  the 
occurrence    of   favourable    variations   in   large   numbers. 
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Thus  J  whenever  some  great  change  of  conditions  led  to  a 
more  severe  struggle  for  exiBtence,  the  modifications  of 
structure  needed  for  adaptation  to  the  new  environment 
would  soon  be  effected  without  any  aid  from  use- 
inheritance. 

That  this  is  the  fact  is  further  indicated  by  the  Ia.i^ 
fsnge  of  charactei^  and  adaptations  that  must  have  been 
produced  by  variation  and  selection  alone,  since  use- 
uiheritance  cannot  possibly  have  had  any  part  in  their 
development.  Mr.  Spencer  adniita  that  there  are  many 
such»  but  does  not  recognise  the  weight  of  the  argument 
which  Ihey  aftbrd  against  the  nec^  of  use-inheritance 
as  a  factor  in  evolution.  It  is  well,  therefore,  briedy  t-o 
enumerate  some  of  the  more  important  of  them.  We 
have  already  referred  to  the  teeth ,  in  their  numerous 
Hipeculianties  of  form,  structure,  and  mode  of  growth,  many 
^^of  which  are  qnit^  removed  from  any  direct  influence  of 
use  in  their  production.  Htill  \em  can  we  impute  the  hair 
to  such  causes^  in  its  varieties  of  length,  thickness,  texture. 
and  ci>lour,  with  itn  occasional  mmlihcation  into  protective 
niour*  such  as  plates,  scales,  or  spines,  or  into  offensive 
weapons,  such  as  the  horns  of  the  rhinoceros.  The  bill« 
of  birds,  in  such  stmnge  modifications  as  are  presented  in 
tho  duck,  the  spfH)nbill,  the  heron*s  spear,  the  woodpecker's 
chi^l,  the  sni|>es  sensitive  borer,  the  enormous  but  very 
light  bill  of  the  tonean,  the  (powerful  nut-cracking  bill  of 
the  cockatoo,  and  many  others,  all  evidently  adapted  to 
special  uses,  but  by  no  possibility  developed  by  those 
uses ;  the  wonderful  modifications  of  the  stomach  in 
ruminants,  and  especially  in  the  camels ;  the  whole  series 
of  protective,  warning,  and  recognition  colours  of  animals ; 
the  numerous  peculiarities  of  structure  and  instinct  in 
neuter  insects  where  use-inheritance  is  absolutely  ex- 
cluded ;  and,  lastly,  the  whole  of  the  wonderful  protective 
and  distributive  contrivances  of  fruits  and  seeds,  and  the 
still  more  w^onderful  and  more  complex  adaptations  of 
flowers  to  insect  fertilisation,  this  latter,  be  it  remem* 
bered,  not  under  the  pressure  of  an  individual  struggle  for 
life,  but  only  for  the  purpose  of  obtaining  an  increase  of 
vigour  and  a  somewhat  more  nipid  multiplication,  giving 
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an  advantage  over  other  specie»  in  the  genemi  struggle 
for  existenca 

Even  niore  removed  from  [K>ssible  development  throagh 
tise  are  the  special  organs  of  sense,  such  iis  the  eye  and 
the  car.  The  complexity  of  structure  in  the  internal  ear 
is  amazing,  with  its  spiml  and  semi -circular  canals  and 
tubes,  it«  membiunea,  ducts »  and  cartilages,  it^  extra- 
ordinary stirrup,  hammer,  and  anvil  bones,  its  wonderful 
rods,  hair-cells,  and  otoliths.  It  seems  like  some  strange 
machine,  the  connection  of  whose  various  parts  and  their 
mode  of  action  it  is  impossible  to  follow.  Yet  we  feel  stire 
that  every  detail  has  its  use ;  and  we  have  here  an  oi^n 
the  co-adaptation  of  whose  several  constituent  parts  is 
essential  to  its  utility,  and  is  apparently  more  diffictilt  to 
bring  about  by  variation  and  selection  than  in  the  cases 
where  Mr.  Spencer  thinks  it  absolutely  necessary  to  caU 
in  the  aid  of  use-inheritance.  But  in  this  case  it  is  utti  ^ 
unimaginable  that  any  amount  of  air* waves  impinging 
the  tympanum  can  have  tended  directly  to  the  production 
of  this  highly  complex  and  delicately  adjusted  organ.  The 
case  of  the  ear  alone  appears  to  me  sufficient  to  prove  that 
use- inheritance  is  not  required  for  the  development  and 
progressive  motUfication  of  the  most  complex  and  beaiiti* 
fully  adjusted  structures, 

Wc  thus  see  that  there  is  a  wide  range  of  characters 
and  structures^  often  involving  the  most  beautiful  adapta- 
tions, in  which  use -inheritance  can  admittedly  have  no 
share  ;  that  even  if  it  exists  in  other  causes  it  is  unnecessary, 
since  it  can  only  give  a  little  help  in  a  process  which 
is  demonstrably  within  the  power  of  variation  and  natural 
selection ;  and  that  the  strongest  arguments  that  have 
been  urged,  cither  to  show  its  supposed  necessity  or  to 
prove  its  actual  existence,  break  down  on  close  examina- 
tion, and  in  some  cases  even  afford  strong  evidence  against 
it*  Our  conclusion,  therefore,  is,  that  no  case  has  yet 
been  made  out  for  the  inheritance  of  individually  acquired 
chamcters,  and  that  variation  and  natural  selection  are 
fully  adequate  to  account  for  those  various  modifications 
of  organisms  which  have  been  supposed  to  be  beyond 
their  power. 
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METHOD   OF  OROANIC  EVOLUTION 

The  modern  doctrine  of  organic  evolution  may  be  said 
ti>  date  fnim  the  great  French  natiimlist  Bnffon,  who^ 
more  than  a  hundred  years  before  the  poblication  of  the 
Orig-in  of  Specks,  clearly  indicated  his  belief  in  the 
mutability  of  specific  and  generic  forms,  although,  owing 
to  the  power  of  the  Church  in  his  day,  he  was  often 
obliged  to  veil  his  opinions  under  the  guise  of  hypotheses, 
which,  as  they  were  opposed  to  religion  of  course  could 
not  be  true.  Yet  he  occasionally  speaks  very  plainly,  as 
when  he  says  : — 

N&ttire,  I  maintaiDi  ia  in  a  atafce  of  onntinual  fluTi  and  more- 


d  again — 

Wbat  cannot  Nature  effect  mth  such  means  at  her  disposal  ? 
She  can  do  all  except  either  crciato  matter  or  destroy  it.  These  two 
eitremesi>f  jK^werthe  Deity  ha-s  reaerved  for  Himself  only  ;  creation 
and  desitrtiction  are  tiitJ  attributen  of  Hiw  omnJiwt«nce.  To  alter  and 
undo,  to  develop  and  r«now — these  are  powers  which  He  has  handed 
over  to  the  charge  of  Nature/^ 

Dr.  Erasmus  Darwin  held  similar  views,  which  he  de- 
velopetl  at  great  length,  and  in  doing  so,  anticipated  many 
of  the  arguments  afterwards  elab<3rated  by  the  celebrated 
Lamarck,  that  changes  in  species  were  caused  both  by  the 
direct  action  of  the  environment,  by  the  use  and  exercise 
^^y  animals  of  their  several  organs,  and  more  especially  by 
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the  effects  of  effort  and  desire  leading  to  the  development 

of  parts  and  organs  calculate!  1  to  gratify  those  dcsirea 
The  great  French  naturalists  Geoffrey  and  Isidore  St 
Hildaire  adopted  these  views  with  certain  modifications,  as 
did  a  limited  number  of  German  naturalists ;  while  they 
were  popularly  set  forth  with  much  knowledge  and 
literary  skill  by  the  late  Robert  Chambers  in  his  Vtdigts 
of  Creation.  Somew^hat  later  the  general  theory  of  evolu- 
tion was  explained  and  illustrated  by  Herbert  Spencer 
w^ith  so  much  power  and  completeness  as  to  compel  its 
acceptance  by  most  thinkers ;  but  neither  he,  nor  any  of 
the  great  writers  who  had  gone  before  him,  had  been  able 
to  overcome  the  difficulty  of  explaining  the  process  of 
organic  evolution,  since  uo  one  had  been  able  to  show  how 
the  wonderful  and  complex  adaptation s  of  living  things  to 
their  environment  could  have  been  produced  by  means  of 
known  laws  and  through  causes  proved  to  exisfc  and  to  be 
of  sufficient  potency.  Alike  for  naturalists,  for  men  of 
science  in  general,  and  for  students  in  philosophy,  the 
method  of  organic  evolution  remained  an  insoluble 
problem* 

Darwin  himself,  who  after  his  return  from  the  Bcagfe 
voyage  was  in  close  intimacy  with  the  chief  naturalists  of 
the  day*  tells  us  in  his  letters  of  the  general  feeling  with 
i^egard  to  all  theories  of  the  evolution  of  species.  In  1844 
he  wrote  to  Dr.  Hooker — "  At  last,  gleanis  of  light  have 
come,  and  I  am  almost  convinced,  that  species  are  not  (it 
is  tike  confessing  a  murder)  immutable, '  And  agfiin  iu 
1845  to  L.  Jenyns — "  A  long  searching  amongst  agri- 
cultural and  horticultural  books  and  people  makes  me 
believe  (I  well  know  how  absuixlly  presumptuous  this  must 
appear)  that  I  see  the  way  in  which  new  varieties  become 
exquisitely  adapted  to  the  external  conditions  of  life  and 
to  other  surrounding  beings.  I  am  a  bold  man  to  lay 
myself  open  to  being  thought  a  complete  fool,  and  a  most 
deliberate  one." 

Considering  that  this  state  of  opinion  prevailed  up  to 
the  very  date  of  publication  of  the  Orig^in  of  Species,  the 
effect  produced  by  that  work  was  certjiinly  marvellous. 
A  considerable  body  of  the  uu>re  thoughtful  natumlists  at 
once  accepted  it  as  affoitJing,  if  not  a  complete  solution. 


V  yet  a  p 

I 


THE  METHOD  OF  ORCiAJ^IC  EVOLUTION 


347 


yet  a  proviaional  theory,  founded  upon  incontrovertible^ 

facts  of  nature,  demonstrating  a  tnie  cause  for  specific 
modification,  and  affording  a  satisfactory  explanation  of 
those  countless  phenomena  of  adaptation  which  every  pre- 
ceding theory  had  been  powerless  to  explain.  Further 
consideration  and  discussion  only  increased  the  reputation 
of  the  author  and  the  influence  of  his  work,  which  was 
greatly  enhanced  by  his  Animals  and  Plants  under 
J}(ym^Micaiwn,  ^uhVished  nine  years  later;  and  when  this 
had  been  fully  considered— about  twelve  years  after  the 
ipubli cation  of  the  Origin  ^n  large  proportion  ofnatnml is ta 
m  every  part  of  the  world,  including  man}^  of  the  nioat 
eminent,  had  accepted  Darwin's  views,  and  acknowledged 
that  his  theory  of  Natural  Selection  constituted^ — to  use 
his  own  words — **  the  main  but  not  the  exclusive  means 
of  modification/*  The  eflfect  of  Darwin's  w^ork  can  only  be 
pared  with  that  of  Newton's  Principia,  Both  writers 
ned  and  clearly  demonstmted  a  hitherto  unrecognised 
law  of  nature,  and  both  were  able  to  apply  the  law  to  the 
e:xplau^tion  of  phenomena  and  the  solution  of  problems 
which  had  baffled  all  previous  philosophers. 

Of  late  years,  however,  there  has  arisen  a  reaction 
against  Darwin  s  theory  as  affording  a  satisfactory  ex- 
planation of  oi^uic  evolution.  In  America,  especially, 
the  theories  of  Lamarck  are  being  resuscitated  as  of  equal 
validity  with  natural  selection ;  while  in  this  country, 
besides  a  considerable  number  of  Lamarckians^  some 
influential  writers  are  introducing  the  conception  of  there 
being  definite  positions  of  organic  stahility,  quite  in- 
dependent of  utility  and  thei'efore  of  natural  selection ; 
and  that  those  positions  are  often  reached  by  discontinuous 
variation^  that  is,  by  spurts  or  sudden  leaps  of  considerable 
amount^  which  are  thus  *'  competent  to  mould  races 
without  any  help  whatever  from  the  process  of  selection, 
whether  natural  or  sexual"^  These  views  have  been  re- 
cently advocated  in   an   important   work   on   variation ,- 

*  l/i^Kmiiinmfjf  in  Et^ niton.  Bv  Francis  Galton.  Mhidf  vol.  iiL,  p, 
387. 

^  Mtiterifiis/ar  the  Study  of  Variation^  treated  mtfi  eJtpeekU  rtgofd  Id 
DUt-oittinnitif  in  th&  Ongin  of  Species.  By  William  BateaoD,  M*A. 
1804  (pp.  XV.  and  6m). 
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which  seeing  likely  to  have  much  influence  among  certain 
classes  of  naturalists ;  and  it  is  because  I  believe  such 
views  to  be  wholly  erroneous  and  to  constitute  a  backward 
Ftep  in  the  study  of  evolution  that  I  take  this  opportunity 
of  setting  forth  the  reasons  for  my  adverae  opinion  in 
a  manner  likely  to  attract  the  attention  not  only  of 
naturalists  but  of  all  thinkors  who  are  interested  in  these 
problems. 

What  the  Darwinian  71t£Ojy   really  /& 

Before  proceeding  to  this  si>ecial  discussion  it  may  be 
well  to  illustrate  briefly  the  essential  difference  between 
the  theories  of  Darwin  and  those  of  his  predecessors  and 
opponents,  by  a  few  examples  of  those  cases  of  adaptation 
which  are  insoluble  by  ali  other  theories,  but  of  which 
natural  selection  gives  an  intelligible  explanation* 

The  Darwinian  theory  is  based  on  certain  facts  of  nature 
which,  though  long  kno^vn  to  naturalists^  were  not  under- 
stoml  in  their  relations  to  each  other  and  to  evolution. 
These  fticts  are :  variation,  rapid  intdtiplication,  and  the 
resulting  struggle  for  existence, and  survival  of  the  fittest 
Variation  is  the  fundamental  fact,  and  its  extent,  its 
diversity,  and  its  importance  are  only  now  becoming  fully 
recognised.  Observation  shows  that  when  large  numbers 
of  individuals  of  common  species  are  compared  there  is  a 
considerable  amount  of  variability  in  size,  form,  colour,  in 
number  of  repeated  parts  and  other  characters*  Further, 
that  each  separate  part  or  organ  which  has  been  thus 
compared  varies,  so  that  it  may  be  safety  asserted  that 
there  is  no  part  or  organ  of  animals  or  plants  that  is  not 
subject  to  continual  variation.  Again,  all  these  variations 
are  of  considerable  amount — not  minute,  or  infinitesimal, 
or  even  small,  as  they  are  constantly  asserted  to  be.  And, 
lastly,  the  parts  and  organs  of  each  individual  vary  greatly 
among  themselves,  bo  tliat  each  separate  character,  though 
sometimes  varying  in  correlation  with  other  characters, 
yet  possesses  a  considerable  amount  of  independent  varia- 
bility* The  amount  of  the  observed  variation  is  so  great 
that  in  fifty  or  a  hundred  adult  individuals  of  the  same 
sex,  collected  at  the  same  time  and  place,  the  difference 
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Huf  the  extreme  from  the  mean  value  of  any  organ  or  part 
is  usually  from  one-teath  to  one-fourth,  sometimes  as 
great  as  one-third  of  the  mean  value,  with  usually  a  perfect 
gradation  of  intervening  values. 

The  multiplication  of  individuals  of  all  speeies  isa  so 
great  and  so  rapid  that  only  a  small  proportion  of  those 
born  each  year  can  p>ssibly  survive ;  hence  a  struggle  for 
existence  necessarily  follows,  the  result  of  which  is  that, 
on  the  average,  those  individuals  which  arc  in  any  way 
ill-fitted  for  the  conditions  of  existence  die,  while  those 
better  fitted  live.  The  stniggle  is  of  varied  character 
and  intensity — either  with  the  forces  of  nature,  as  cold, 
drought,  Htonns,  floods,  snow,  &c. ;  with  other  creatures, 
in  order  to  escape  being  devoured,  or  to  obtain  food, 
whether  for  themselves  or  for  their  offspring;  or  with 
their  own  race  in  the  competition  for  mates  and  for  the 
means  of  existence ;  while  as  regards  all  these  forms  of 
struggle  mental  and  social  qualities  are  often  as  im- 
[  portant  as  mere  physical  perfection,  and  sometimes  much 
imore  important.  The  tact  already  stated,  of  the  large 
of  variability  in  most  species,  has  Ix^en  thought 
Mfie  to  show  either  that  there  can  be  no  such  severe 
struggle  as  hay  been  suggested,  or  that  the  charactei^ 
which  vary  so  much  can  be  of  little  importance  to  the 
species,  and  cannot  therefore  determine  survival.  But  in 
making  this  objection  two  considerations  have  been  over- 
lo*jked.  In  the  fiist  place  we  always  compare  adults,  and 
an  enormous  amount  of  destruction  h^is  already  taken 
place  during  the  earlier  stages  of  life.  The  adults,  there- 
fore, are  ah"eady  a  selected  group.  In  the  second  place, 
the  struggle  is  very  largely  intermittent,  owing  both  to 
the  occurrence  only  at  long  intt^rvals  of  the  most  adverse 
meteorological  conditions,  while  the  diversity  of  these 
conditions  leads  in  each  case  to  the  selection  of  a  different 
characteristie.  An  exceptionally  severe  w^inter  will  de- 
stroy all  which  are  deficient  in  one  set  of  character, 
while  a  long  drought,  or  scarcity  of  some  particular  kind 
of  food,  will  weed  out  those  deficient  in  another  set  of 
characters.      Thus,   in    any    one    year    there   will    exist 

■pumbcrs  of  individuals  which  are  doomed  to  speedy  de- 
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struction  under  some  one  of  the  special  adverse  oon- 
ditions  which  are  constantly  recurring ;  and  it  is  this, 
probably,  that  explains  why  there  is  so  much  individual 
variation  continually  present,  although  the  central  or 
typical  fonn  remains  unchanged  for  very  long  periods. 
This  typical  form  is  that  which ^  under  existing  conditions, 
survives  all  the  periodical  or  secular  adverse  changes. 
during  which  the  outlying^  or  extreme  variations  of  what- 
ever kind,  are  sooner  or  later  eliminated.  It  is  for  want 
of  giving  full  weight  to  the  esvsentially  intermittent^ 
nature  of  the  struo^gle  for  existence  that  so  many  writers 
fail  to  gi^sp  its  full  significance,  and  continually  set  forth 
objections  and  tlifficulties  which  have  no  rcjil  imjiortance. 


Bamnnism  as  compared  wUh  Lamarckimn. 

We  are  now  in  a  position  to  estimate  the  efficiency  of 
Darwin's  theory  in  explaining  the  wondrous  and  complex 
adaptations  that  abound  in  the  organic  world,  as  compared 
with  that  of  Lamarck  or  of  his  modem  supfKvrters.  And 
first  let  us  take  the  simple  case  of  the  adaptation  of 
fleshy  and  juicy  fruits  to  be  eaten  by  birds,  causing  what 
seems  at  first  sight  an  injury  to  the  species,  but  wnich  is 
really  most  beneficial^  inasmuch  as  it  leads  to  the  wide 
dispersal  of  the  seeds,  and  greatly  aids  in  the  perpetuation 
of  the  plants  which  produce  such  fruits.  To  what  possible 
direct  action  of  the  environment  can  we  impute  the  pro- 
duction of  fleshy  or  juicy  pulp,  with  attractive  colour,  and 
with  small,  hard -coated  seeds,  in  the  innumemble  fruits 
which  are  devoured  by  birds,  through  whose  bodies  the 
seeds  pass  in  a  state  fitted  for  germination  ?  There  is 
here  a  combination  of  characters  calculated  to  a  certain 
end — a  definite  adaptation.  If  we  suppose  that  in  an 
early  stage  of  development  ancestral  fruits  which  hap- 

Eened  to  he  a  little  softer  than  others  were  eaten  by  fairas, 
ow  could  that  circumstance  increase  the  softness,  develop 
juice,  and  produce  colour  in  future  generations  of  the 
trees  or  bushes  that  sprang  from,  the  seeds  so  dispersed  ? 
And  if  we  assume  that  these  several  chamcteristics  are 
positions  of  '*  organic  stability "  aequii^ed  through  acci- 


I 


dental  variation,  we  have  to  ask  why  the  several  kinds 
of  variation  occurred  together,  or  why  neither  of  them 
occurred  in  the  numerous  species  in  which  to  be  eaten 
would  be  injurious  instead  of  beneficial  ? 

But  if  we  begin  at  the  same  stage  and  apply  the 
Darwinian  theory  we  find  that  the  whole  process  is  easy 
of  explanation.  It  is  an  observed  fact  that  fruits  vary  in 
softness,  juicy ne«.%  and  colon r,  and  seeds  in  the  hardness 
or  hairyness  of  their  integuments.  Any  variation  of 
primitive  fruits  in  either  of  these  directions  would  there- 
fore  be  beneficial,  by  attracting  birds  to  eat  them  and  ao 
disperse  the  seeds  that  they  might  reach  suitable  stations 
for  development  and  growth.  Such  favourable  variations 
would  therefore  be  preserved,  while  the  le^s  favourable 
pc^rished. 

Now  ask  the  same  questions  as  to  the  production  of  the 
innumerable  modes  of  dispersal  of  seeds  by  the  wind^^  from 
the  simple  compressed  form  and  dilated  margins  of  many 
small  seeds,  to  the  ringed  seeds  of  the  ash  and  maple, 
and  the  wonderful  feathery  parachute  of  the  thistle  aiuj 
the  dandelion.  Or  agtiin,  inquire  as  to  the  w^onderfiil 
springed- fruits  which  burst  so  as  to  scatter  the  small 
seeds,  Hs  in  some  of  the  balsams ;  or  yet  again,  as  to  the 
sticky  glands  oi'  the  simdews,  and  the  small  water-tmps  of 
the  b ladder- wort ;  and  a  hundred  other  equally  strange 
adaptations  to  some  purpose  of  use  to  the  9i>ecies,  but  whose 
development  has  no  relation  whatever  to  any  possible 
direct  action  of  the  environment,  though  all  of  them  are 
explicable  as  the  result  of  the  successive  preservation  of 
such  variations  as  are  known  to  occur,  acting  at  various 
intervals  and  by  means  of  successive  modifications, 
during  the  whole  period  of  the  development  of  the  group 
from  BOtiw  remote  ancuj^ti-al  form. 

The  modern  advucates  of  Ljimarekism  content  them- 
selves with  such  simple  cases  as  the  strengthening  or 
enlarging  of  organs  by  use,  the  hardening  of  the  sole  of 
the  foot  oy  pressure,  or  the  enlarging  of  the  stomach  by 
the  necessity  for  eating  large  quantities  of  less  nutritious 
food.  These,  and  many  other  similar  modifications,  may 
doubtless  be  explained  by  the  direct  action  of  conditions, 
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if  we  admit  that  the  change  thus  produced  in  the  indi- 
vidual is  tran!?mittod  to  the  offspring.  That  such  changes 
are  tmnsmittcd  has,  howe%^er,  not  yet  been  proved ;  and  a 
considerablo  b<xly  of  naturalists  reject  such  transmission 
as  improbable  in  it^jelf,  and  at  all  events  as  not  to  be 
assumed  without  full  and  sufficient  proof.  But  even  if 
accepted  it  will  not  help  us  to  explain  the  vary  great 
number  of  important  adaptations  which  Jike  those  alimdj 
referred  to,  are  quite  unrelated  to  any  direct  action  of  the 
environment.  Having  thus  cleared  away  some  pre- 
liminary raisconceptionjs,  and  stated  in  briefest  outline  the 
main  features  of  the  law  of  natural  aclection,  we  may 
proceed  to  consider  the  objections  of  those  modern  writers 
to  whose  works  we  have  already  referred. 

Ths  Theory  of  Discf.mimuUy. 

Mr.  Bate9on*8  large  and  impiirtant  volume  consists 
mainly  of  an  extensive  collection  of  cases  of  variation 
of  a  particular  kind,  which  have  been  met  with  throughout 
the  whole  animal  kingdom  and  have  been  reconieil  in  all 
parts  of  the  world.  These  are  arranged  systematically 
under  nearly  nine  hundred  numbered  headings,  and  are 
in  many  cases  well  illustrated  by  characteristic  figures. 
The  character  and  morphological  relations  of  these  vari- 
ations aTO  often  very  fully  discussed  with  great  knowledge 
and  acutcness,  and  siomo  original  views  are  set  forth 
which  arc  of  interest  both  to  morphologists  and  physio- 
logists. So  far  as  this  part,  of  the  work  is  concerned  the 
present  writer  would  feel  himself  tjuite  incompetent  to 
criticise  it,  but  would  welcome  it  as  presenting  in  a  con- 
venient form  a  great  body  of  interesting  and  little-known 
facts.  But  the  book  goes  far  beyond  this.  The  fiiBt 
words  of  the  preface  tell  us  that'*  This  book  is  oftered  as 
a  contribution  to  the  study  of  the  problem  of  Species ; " 
and  in  a  lengthy  introductory  and  shorter  concluding 
chapters  this  problem  is  discussed  in  some  detail,  with 
the  view  of  disci-editing  the  views  held  by  most  Darwinians; 
while  a  now  theory,  founded  upon  the  Yacts  given  in  the 
body  of  the  work,  is  set  forth  as  being  a  more  probable  on©. 
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It  ifl  therefore  necessary  to  give  some  account  of  the 
nature  of  the  facte  themselves,  as  well  as  of  the  particular 
theories  they  are  held  to  supjiort, 

Darwin  distinguLshcd  two  cla^sses  of  variations,  which 
he  termed  **  individual  differences  '*  and  *'  sports/'  The 
former  are  small  but  exceedingly  numerous,  the  lattt^r 
large  but  comparatively  rare,  and  these  last  are  the 
"discontinuous  variations*' of  Mr.  Bateson  to  which  re- 
ference has  been  already  made,  Darwin,  while  always 
believing  that  individual  tJifferences  played  the  most 
important  part  in  the  origin  of  species,  did  not  altogether 
exclude  sports  or  discontinuous  variations,  but  he  soon 
became  convinced  that  these  latter  were  quite  unim- 
p)3rtant,  and  that  they  rarely,  if  ever,  ser^^ed  to  originate 
new  s|>ecies;  and  this  view  is  held  by  most  of  his 
followers.  Mr.  Bate  son,  however,  seems  to  believe  that 
the  eitact  contrary  is  the  iact,  and  that  sports  or  dis- 
continuous variations  are  the  all-important,  if  not  the 
exclusive,  means  by  which  the  organic  world  has  been 
modified.  Such  a  complete  change  of  base  as  to  the 
method  of  organic  evolution  deserves,  therefore,  to  be 
considered  in  some  detail* 

The  difficulty  which  seems  to  have  struck  Mr.  Bateson 
most,  and  which  he  declares  to  be  of  **  immense  sig- 
nificance,'' is,  that  while  specific  forms  of  life  constitute  a 
discontinuous  series,  the  diverse  environments  on  which 
these  primarily  depend  sha*le  into  each  other  insensibly, 
and  form  a  continuous  series  ^p.  5).  Further  on,  this 
objection  is  again  urged  in  stronger  language ;  '*  We  have 
seen  that  the  differences  between  Species  are  Specific, 
and  are  differences  of  kind,  forming  a  discontinuous  Series, 
while  the  diversities  of  environment  to  which  they  are 
subject  are  on  the  whole  differences  of  degree,  and  form  a 
continuous  Series ;  it  is  therefore  hard  to  see  how  the  en- 
viranmental  differences  can  thus  be  in  any  sense  the 
directing  cause  of  Specific  differences,  which  by  the  Theory 
of  Natural  Selection  they  shoidd  be  "(p.  16).  Again,  at 
p.  69,  he  urges  that  the  essential  character  of  species  is 
that  they  constitute  a  discontinuous  scenes,  and  he  asks— 
*'  Is  it  not  then  possible  that  the  Discontinuity  of  Species 
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may  be  a  consequence  and  expression  of  the  Discontinuitj 
of  Variation  ? "  He  then  states,  that  on  the  received 
hypothesis,  '*  Variation  is  continuous*  and  the  Discontinuity 
of  Species  results  from  the  operation  of  Selection/'  Thi^, 
however,  is  not  quite  a  correct  statetnent  of  the  received 
hypothesis  if  "  discontinuous "  is  used  in  Mr.  Bate^sons 
sense,  as  inched  in/^  every  change  of  colour  which  is  not  by 
minute  gradation,  and  every  change  in  number  of  re- 
petitive parts — as  of  vertebrse,  or  of  the  joints  of  an 
antenna,  or  the  rings  of  a  worjn— which  is  not  by  n 
gradation  of  the  part  from  a  minute  rudiment.  8uch 
changes  of  colour  or  in  the  ninnber  of  parts  are  admitt-ecj 
by  ail  IHvrwinians  tis,  in  many  cases,  constituting  a  part 
of  that  individual  variation  on  which  modification  of 
species  de[>ends.  It  is,  however, on  the  supposed  rejection 
of  this  class  of  variations  by  Darwinians  that  he  bases 
what  he  terms  "  an  almost  fatal  objection  "  to  their  theory 
Return ing,  however,  to  the  supposed  overwhelming  im- 
portance of  discontinuous  variation,  we  pass  on  to  the  last 
chapter  of  the  book,  headed  '*  Concluding  Reflexions/'  and 
we  read  ;  *'  The  first  object  of  this  work  is  not  to  set  forth 
in  the  present  a  doctrine,  or  to  advertise  a  solution  of  the 
problem  of  Species/*  and  then  follows  immediately  a  further 
discussion  of  this  very  theor}"  of  discontinuity,  which  u 
set  forth  as  a  doctrine,  and  as  a  help  to  the  solution  of  that 
problem.  We  are  told  that  the  difficulties  of  the  accepted 
view  "have  oppressed  all  who  have  thought  upon  these- 
matters  ibr  themselves,  and  they  have  caused  some  anxiety 
even  to  tJie  faithful  *' ;  it  is  urged  that  "  the  Discontinuity 
of  which  Sfiecies  is  an  expression  has  it^s  origin,  not  in  the 
environment  nor  in  any  ]>henomenon  of  Adaptation,  but  in 
the  intrinsic  nature  of  organisms  themselves,  manifested 
in  the  original  Discontinuity  of  Variation  '* ;  that,  "  the 
existence  of  sudden  and  discontinuous  Variation,  that  is 
to  say,  of  new  fonns  having  from  their  first  beginning 
more  or  less  of  the  kind  oi pG?i/c€f.ion  that  we  associate  with 
nonnality,  is  a  fact  that  disposes,  once  and  for  all,  of  the 
attempt  to  interpret  all  perfection  and  definiteness  of  form 
as  the  wt>rk  of  Selection/'  And  then  comes  the  positive 
statement^ — '*  The  existence  of  Discontinuity  in  Variation 
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is  therefore  a  final  proof  that  the  accepted  hypothesis  is 
inatiequate  '*  (page  568),  and  after  severa]  more  page^B  of 
illiiijtration  and  argument,  the  final  conclusion  is  reached 
that — "  it  is  quite  certain  that  the  distmctneas  and  Dis- 
continuity of  many  characters  is  in  souie  unknown  way  a 
part  of  their  nature,  and  is  not  directly  dependent  upon 
Natural  Selection  at  all/' 

Before  going  further,  it  will  be  well  to  make  a  few 
observationn  on  these  very  definite  and  positive  conclusions 
at  which  Mr.  Bateson  has  arrived  ;  and  it  must  be  remem- 
bered that  this  volume  deals  only  with  one  portion  of  the 
subject  even  of  discotitinuons  variation,  which  is  itself,  if 
we  exclude  monstrosities,  only  a  small  fi'agment  of  the 
whole  subject  of  variation.  The  impreasion  that  ^tII  be 
produced  on  those  who  have  given  special  attention  to  the 
relations  of  living  organisms  to  aich  other  and  to  their 
inorganic  environment,  will  be  that  of  an  academic  dis- 
cussion, dealing  to  a  large  extent  with  words  rather  than 
with  the  actual  facts  of  nature.  The  author  s  main  point, 
that  spcH^ies  form  a  discontinuous  series,  and  that  specific 
differences  cannot  there ft>re  have  been  prochiced  by  any 
action  of  the  envirunnient,  because  that  environment  is  con- 
tinuous— an  argument  which »  as  we  have  seen,  he  dwells 
u|>on  and  reiterates  with  emphiisis  and  J)ersistency^rest9 
wholly  upon  the  obvious  fallacies  that  in  each  smgle 
locality  the  envinmment  of  every  species  found  there  is 
the  san>e.  and  that  all  change  of  environment,  whether  in 
spiiee  or  time,  is  continuous.  To  take  this  latter  point 
first,  nothing  can  be  more  abrupt  than  the  change  often 
due  to  diversity  of  soil,  a  sharp  line  dividing  a  pine  or 
heather-clad  moor  from  calciireous  hills  ;  or  to  differences  of 
level,  as  from  a  mai'shy  plain  to  dry  uplands ;  or,  for  arjuatic 
animals,  from  the  open  sea  to  an  estuary,  or  from  a  non- 
tidal  stream  to  an  isolated  pind.  And  when,  in  the  course 
of  geological  time,  an  islanrt  is  sepivrated  from  a  continent, 
or  volcanic  outbui-sts  build  up  oce.anic  islands,  the  immi- 
gnmts  which  reach  such  islands  undergo  a  change  of 
environment,  which  is  in  a  high  degree  discontinuous 

Even  more  important,  p*^rhaps,  is  the  fact  that  every- 
whem,  the   environment  as  a  whole  is  made  op  of  an 
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unlimited  number  of  sub-en vin:»nments,  eaeh  af  which 
alone,  or  nearly  alone,  affects  a  single  species,  as  familiarly 
included  in  the  tema,  '*  their  conditions  of  existence/'  The 
mole  and  the  hedgehog  may  live  together  in  the  same 
general  environment,  jet  their  aetual  environments  are 
very  diflerent  owing  to  their  different  kinds  of  food, 
habits,  and  enemies.  The  same  thing  applies  t-o  the 
rabbit  and  the  hare,  the  rook  and  the  crow;  the  ring- 
Bnake  and  the  viper;  and  still  more  when  we  look  at 
animals  of  greater  diversity,  iva  the  otter  and  the  badger, 
the  dung-bei*tle  and  the  c<jckchafer,  and  a  hundred  others 
that  might  be  quoted.  Now,  though  all  these  creatures 
may  be  found  together  in  the  same  area,  each  of  them  has 
its  own  '*  envir<^jnment/'  to  which  it  must  be  aiiapted  in 
order  to  maintain  its  existence.  Many  species,  however, 
live,  as  it  were,  on  the  hoi'doi's  of  two  distinct  environ- 
ments, as  when  thej  obtain  different  kinds  of  food  at 
different  jjeriods.  being  then  expo^d  to  different  enemies 
and  varied  climatic  effects*  In  such  eases,  it  is  easy  to 
see  that  a  small  modification  of  structure  might  enable 
them  advantrageously  to  change  their  habits,  and  thus 
obtain  what  would  be  practically  a  different  environment, 
This  is  well  seen  in  those  clasely  allied  species  which  have 
somewhat  different  modes  of  life — as  the  meadow  pipit 
(AiUhus p^nicmi^)  and  the  tree  pipit  {Anfhus  aj^btfrett^}— 
the  former  having  a  long,  nearly  straight  claw  to  the  hind 
toe,  a  more  slender  bill  and  a  rather  greener  tinge  of 
colouring,  all  modifications  suited  to  its  different  habits 
and  distinct  j)hysi€al  surroundings.  Here  wo  have  an 
example  in  nature  of  how  environments,  even  when 
continuous  as  a  whole,  may  become  quite  discontinuous  in 
relation  to  two  species  differing  in  very  slight  chaou^iers. 
Darwin  dwelt  much  upon  this  phenomenon,  of  new  species 
being  formed  when  any  body  of  iodividuals  seized  upon 
vacant  places  in  the  economy  of  nature,  and  by  means  of 
comimratively  slight  variations  became  adapted  to  it.  It 
is  what  we  see  everywhere  in  the  world  around  us. 
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DiscofUinumis  Vmiation^ 

It  fcbus  appears  that  what  is  evidently  supposed  to  be 
a  very  powerful  argument  leading  to  the  conclusion  that 
diijcontinuous  variations  as  a  chiss  are  those  which  are  of 
vit3\l,  if  not  exclusive  importance  in  the  production  of  new 
Bpecies,  entirely  breaks  down  when  confronted  with  the 
facts  of  nature  It  does  not,  however,  follow  that,  because 
an  unsound  a  p^'wi  argument  has  been  used  to  call  atten- 
tion to  these  variations,  and  because  they  have  been  set 
before  the  world  in  a  way  to  suggest  that  their  importance 
in  relation  to  the  origin  of  species  is  a  new  discovery 
calculated  to  revolutionise  the  study  of  this  branch  of 
biology,  they  are,  therefore,  of  no  value  in  this  connection. 
We  will  J  therefore,  now  proceed  to  consider  them  on 
their  own  merits  a%  possible  factors  in  the  process  of  or- 
ganic evolution.  For  this  pui-pose  we  must  briefly  indicate 
the  nature  of  the  variations  so  laboriously  recorded  in 
this  vohime. 

These  consist  of  what  are  termed  meristic  variations, 
that  is,  variations  in  the  number  or  position  of  parts 
which  occur  in  series,  whether  linear,  bilateral,  or  radial. 
Such  are  the  variation  in  the  number  of  segments  of  annu- 
losa  and  aithropofJa,  such  as  worms,  leeches,  centipedes, 
&c. ;  in  the  antennfle  and  legs  of  insects ;  in  the  vertebne, 
ribs,  teeth,  nipples,  limbs,  and  toes  of  vertebrates ;  in  the 
rays  of  starfish,  encrinites,  and  allied  animals.  The  ocelli 
and  other  symmetrical  markings  on  the  wings  of  butterflies 
are  also  recortled,as  well  as  numerous  malfonnations  when 
these  affect  serial  or  symmetrical  organs. 

On  carefully  looking  through  the  cases  of  variation  in 
this  volume  we  are  struck  with  the  large  proportion  of 
them  which  exhibit  more  or  less  deformation  or  want  of 
symmetry^  culminating  in  the  various  kinds  of  monstrosity. 
In  Chapter  IIL,  on  the  variations  of  veitebr^  and  rite, 
we  find  vertebrte  imperfectly  divided  in  snakes  and  frogs. 
Numerous  cases  of  abnormalities  in  human  vertebrse  are 
given,  usually  exhibiting  asymmetry  or  deformation,  and 
similar  variations  are  found  in  the  anthropoid  apes,  but 
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here  there  is  apparently  more  of  regularity  and  symmetry. 
The  greatest  amount  of  this  kind  of  variation  occun«  in  the 

sloths,  as  niight  be  expected  when  we  cotisnider  that  they 
are  the  most  abnormal  of  mammals  as  regards  the  cervical 
vertebite.  In  Chapter  VIIL  mimerous  cases  of  super- 
numerary mammfe  are  recorded,  ahiiost  all  of  which  are 
unsynimetricah  The  variations  in  the  number  or  form  of 
the  horns  in  sheep,  goats,  and  deer  recorded  in  Chapter 
XL  show  them  to  be  usually  more  or  less  irregidar. 

Nearly  a  hujjflred  pages  are  devoted  to  the  digits  (fingers 
and  toes)  of  mammals  and  birds,  about  one  hundred  and 
forty  cases  of  variation  being  recorded.  Almost  the  whole 
of  these  pi-esent,  more  or  less,  want  of  symmetry,  while  a 
large  proportirm,  as  the  double-handed  and  double-Axsted 
children,  and  the  six  or  seven-toed  cats,  can  only  be  classed 
as  monstrosities. 

In  succeeding  chapters  the  variations  in  the  antennae 
and  leg-joints  of  insects ;  in  the  mdial  jmrts  of  medusae 
and  encrinites ;  in  the  medial  structurea  of  fish,  insects, 
moll  uses  J  &c.»  which  become  sometimes  double ;  in  the 
eyes  and  colouration  of  flatfish ;  in  duplicate  or  branching 
legs  of  insects  and  crustaceans ;  in  extm  limbs  of  batra- 
chia;  and,  lastly,  double  monsters,  are  all  {Ifscussed  at 
great  length,  and  are  illustrated  by  a  number  of  very 
mteresting  wcnxl-cuts.  But  almost  the  whole  of  these  can 
only  be  c bussed  as  malformations  or  monstrosities  which 
are  entirely  without  any  direct  bearing  on  the  problem  of 
the  **  origin  of  sjiecies/' 


MonMrosities  h/tvc  no  Bmrinq  oih  ikt  Origin  of  Species, 

Nothing  can  better  show  the  small  value  of  the  book 
from  this,  which  is  the  author's  own,  point  of  view,  than 
the  large  amount  of  s])ace  devoted  to  the  various  mon- 
strosities of  the  hands  and  feet  of  man  and  of  some  of  the 
mammalia.  Not  only  throughout  all  mammals,  but  also 
in  the  case  of  birds,  reptiles,  and  amphibia*  five  is  the 
maximum  number  of  the  toes  or  fingers.  These  may  vary 
in  size  or  in  proportions ;  they  may  be  reduced  in  tnmiber 
by  coalescence,  or  by  the  loss  of  the  lateral  digits ;  they 


may  b©  strangely  modified  in  form  and  function,  as  in  the 

flappens  of  the  whale,  or  in  the  wmg  of  the  bat,  yot  never 
once  in  the  whole  long  series  of  land -vertebrates  do  they 
normally  exceed  five  in  number.  Yet  we  have  six,  Steven,  or 
eight-fingered,  double-handed,  or  double-footed  children ; 
Bimilar  malfonnations  in  monkeys ;  six  and  seven-loed 
four,  five,  or  six -toed  pig.4 ;  double -footed  birils^  and 
ber  monstrosities,  described  at  great  length,  and  all  their 
peculiarities  discussed  in  the  most  minute  detail  and  fram 
various  ]ioints  of  view,  in  a  work  presented  to  uh  as  *'  a 
contribution  to  the  study  of  the  problem  of  species" 
Jfany  of  these  malfonuations  have  been  observed  among 
animals  in  a  st^te  of  nature,  and  in  iact,  Mr.  Bateson 
believes  that  they  occur  as  frequently  among  wild  iis 
among  domesticated  animals.  Considering  how  rarely 
the  former  cases  can  be  observed,  they  must  be  every- 
where occurring :  yet  in  no  one  single  instance  do  they  seem 
to  have  established  themselves  as  a  race  or  local  variety 
on  however  small  a  scale.  Yet  we  know  that  in  the  case 
of  the  six-tiK'd  cats,  anrl  pmbably  in  other  cases,  they  are 
easily  transmi.ssible  ;  and  we  must,  therefore,  eonclude  that 
all  these  irregularities  and  monstrosities  are  in  a  high 
degree  disadvantageous,  since  when  subject  to  free  compe- 
tition with  the  normal  form  in  a  state  of  nature  tney 
ft'Ctm'  survive,  even  fur  a  few  generations. 


Variations  in  Numhcr  of  Serial  Paris  rarely  a 
Factor  in  Origin  of  Specks. 

As  the  volume  we  are  discussing  is  entirely  devoted  to 
variations  in  the  number  or  position  of  the  serial  parts  of 
organisms  in  relation  to  the  i>ngin  of  species,  it  oecomefl 
neeasaaiy  to  lay  some  stress  upon  the  very  familiar,  but 
apparently  overlo<jked  fiict,  that,  among  all  the  higher 
types  of  life  at  all  events,  the  most  stable  of  all  characters, 
and  the  most  permanent  during  long  periods  of  evolution, 
and  throughout  changes  which  have  led  to  the  production 
of  a  marvellous  variety  and  abundance  of  specific  forme, 
are  these  very  chamcters  of  the  nmnher  and  relative 
po3ition$  of  serial  organs ;  whence  it  follows  that  variations 
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of  this  kind  can  only  have  kd  to  specific  changes  at 
enormously  long  interv^ab,  and  that,  as  a  general  rule,  they 
can  have  had  nothing  whatever  to  do  with  the  origin  of  an 
overwhelming  majonty  of  living  species. 

First,  we  have  the  four  limbs  of  vertebrates,  which 
among  all  the  marvellous  variety  of  form  and  function,  on 
land,  in  the  water,  or  in  the  air,  is  never  exceeded,  and 
appears  to  have  been  fixed  at  a  very  early  stage  of  the 
development  of  the  vertebrate  type.  Equally  fixed,  and 
extending  through  a  still  vaster  range  of  modifications  of 
specific  forms,  arc  the  six  legs  and  four  wings  of  true 
insects,  which,  as  in  vertebrates » may  be  reduced  but  never 
increased  in  number  Still  more  extraordinary,  because 
less  obviously  connected  with  the  main  structure  and 
functions  of  the  organism,  is  the  limitation  and  per- 
manefice  in  the  niunber  of  the  subdivisions  of  limbs  and 
other  appendages.  There  is  no  obvious  reason  why  in 
land  vertebrates  the  divisions  of  the  hand  and  foot  should 
never  exceed  five,  yet,  not  only  is  this  number  the  rnaxi> 
mum,  but  it  may  be  considered  the  normal  number  of 
which  ail  others  are  reductions,  since  it  still  prevails 
largely  in  the  marsupials,  rodents,  carnivores,  primates, 
and  I  i zards  ;  and  th e  fi  ve- toed  land-  v e  rteb r a  tes  ( e xcl  u di ng 
birds)  are  probably  far  more  numerous  than  those  with  a 
lesser  number. 

In  birds  there  are  only  four  toes  as  a  maximum,  and 
comparatively  few  have  a  smaller  number.  But  we  have 
here  a  peculiarity  in  the  numbers  of  the  toe-joints  which 
does  not  occur  in  any  other  vertebrates.  These  form  a 
series  in  arithmetical  progression,  the  hind  toe  having  two, 
and  the  i»thers  three,  four,  and  five  joints  in  regular  order; 
and  this  rule  is  very  nearly  imiversal,  the  only  exceptions 
being  in  some  of  the  swifts  and  goatsuckers,  whose  habits 
render  the  feet  of  comparatively  little  importance,  while 
their  geneml  organisation  is  of  a  somewhat  low  type. 

Coming  to  insects,  we  again  find  the  legs  consisting  of  a 
limited  number  of  piirts,  and,  strangely  enough,  this 
number  is  again  five — the  coxa,  trochanter,  femur,  tibia, 
and  tarsus.  The  tarsus,  however,  is  subrlividcd  into  small 
movable  joints,  and  these,  too,  are  five  as  a  maxiniump  but 
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in  certain  groups  ate  reduced  to  four,  three,  or  two.  The 
fi ve*jointed  tarsus  is,  however,  the  moat  prevalent ;  and  in 
the  enormous  order  of  coleoptera  or  beetles,  conapris^ing  at 
leaat  one  hundred  thousand  described  species,  fully  half 
belong  to  families  which  have  the  tarsi  five-jointed.  Even 
the  antennoe.  although  they  vary  greatly  in  the  number  of 
joints,  yet  in  numerous  large  groups  comprising  many 
thousands  of  species,  they  have  the  number  of  joints 
constant  Another  indication  of  the  tendency  of  serial 
parts  to  become  fixed  in  number,  is  the  typical  limitation 
of  the  cervical  or  neck  vertebrae  of  mammalia  to  seven 
joints.  This  number  is  wonderfully  constant,  being  the 
same  in  the  long  necks  of  the  girafle  and  camel  ^  and  the 
very  short  necks  of  the  hippopotamus,  porpoise,  and  mole^ 
the  only  exceptions  in  the  whole  class  being  some  of  the 
sloths,  which  have  from  six  to  ten,  often  varying  in  the 
-.same  species,  and  the  manatee,  which  has  six, 
■  Now,  if  we  consider  the  enormous  extent  of  these  fixed 
ntinierical  relations  of  important  parts  of  the  organism  in 
the  higher  vertebrates  and  in  insects,  both  as  regards  the 
number  of  living  species  affected — ^perhaps  ninety-nine 
per  cent*  of  the  whole— and  as  regai*ds  their  range  in  time, 
throughout  the  whole  of  the  tertiary  and  secondary,  and 
even  a  considerable  [wrtion  of  the  palaeozoic  periods — and  if 
we  take  account  of  the  vast  number  of  extinct  species, 
genera,  and  families  needful  to  complete  the  various  lines 
of  descent  from  the  earliest  known  forms,  presenting  the 
same  numericiil  relations  to  those  now  living— we  shall 
be  able  to  form  s^ome  conception,  however  inadequate,  of 
the  overwhelming  frequency  and  importance  of  variations 
in  the  si:?e,  form,  proportions,  and  structure  of  the  various 
parts  and  organs  of  the  higher  animals,  as  compared  with 
variations  in  their  number.  No  doubt,  in  the  earlier 
stages  of  organic  development,  numerical  variations  were 
more  frequent  and  more  important,  as  they  are  now 
among  the  lower  forms  of  life,  but  at  a  very  eaHy  period  in 
geological  history,  the  main  numerical  relations  of  the 
essential  parts  of  the  higher  organisms  became  more  or 
1  fixed  and  stablej  and   have  in   many  cases  remained 
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unchanged  thn^iigh  a  lai^e  proportion  of  th<*  periocl  cotn* 
prised  in  the  geological  reconi.  The  four  limbs  of  verte- 
brates were  ah*eady  oatablished  in  the  fishes  of  the 
Devon i;in  period,  as  were  the  four  wings  and  six  legs  of 
true  insects  in  the  cockroachei?  and  archaic  orthoptera  of 
the  Carboniferous ;  and  abnost  all  subsequent  changes 
have  rei^ultet!  from  modifications  of  these  early  types. 
The  earliest  mammals  of  which  we  have  sufficient  know- 
ledge have  the  typical  five-tiied  feet,  and  the  earliest  birds 
appear  to  have  had  the  same  progressive  series  of  toe- 
joints  as  now  prevails. 

Wc  are  thtis  irre^sistibly  led  to  the  conclusion  that, 
among  all  the  possible  forms  of  variation  now  occurring, 
those  affecting  the  number  of  important  serial  parts 
among  higher  organisms,  are  those  which  have  the  least 
possible  relation  to  whatever  mcKlilication  of  species  may 
lyno  \w  going  on  an)und  us,  or  which  has  been  going  on 
during  a  large  portion  of  geological  time.  Yet  it  is  to 
variations  of  this  nature,  a  large  proportion  of  which  are 
mere  malformations  or  monstrosities,  that  the  bulky  and 
learned  volume  we  are  discussing  has  been  devoted.  The 
author  of  this  boiik  puts  forward  these  malfMrmations  and 
im^gularities,  mixed  up  with  a  proportion  of  nomml 
variations,  under  the  misleading  name  of  "  Discontinuous 
Variations/'  as  if  they  were  something  new,  and  ha*j  been 
ignorantly  overlooked  by  Darwin  and  his  followers ;  and 
he  loses  no  opjKJrtnnity  of  telling  us  how  important  he 
thinks  they  art%  what  difficulties  they  enable  us  to  over- 
come, and  how  they  are  the  beginnings  of  the  establish- 
ment of  a  sure  base  for  the  attsick  on  the  pn>blems  of 
evolution.  In  so  doing  he  has  entirely  failed  to  grasp 
the  essential  features  which  characterise  at  least  99  per 
cent,  of  existing  species,  which  are,  slight  differences  from 
their  alliens  in  siKe,  form,  proportions,  or  colour  of  the 
various  parts  or  organs,  with  cor respin ding  difference's  of 
function  and  habits,  combined  with  a  wonderful  amount 
of  stability  in  the  numerical  relations  of  serial  parts,  ex- 
tending  sometimes  only  to  genem,  but  more  usually  to 
families,  tribes,  ordeis,  or  even  to  whole  classes  of  the 
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higher  ammala  It  is  differences  of  the  former  kind  that 
do  actually  characterise  the  great  majority  of  species  ;  ^ 
they  affect  those  organs  which  vary  most  frequently  and 
most  conspicuously  in  tho  individuals  of  every  fresh  gene- 
ration ;  and  they  constitute  that  "individual  variation" 
on  which  Darwin  always  relied  iw  the  essential  foundation 
of  natuml  selection,  anrl  which  his  fol  lowers  have  shown 
to  be  lar  more  abundant  and  of  far  greater  amount  than 

I  he  was  aware  of;  and,  lastly,  they  afford  amply  sufficient 
material  for  the  continuous  prfxluction  of  new  forms. 
Rarely  in  the  history  of  scientific  progress  has  so  large  a 
claim  been  made,  and  been  presented  to  the  world  with 
so  much  confidence  in  its  being  an  c*poch*making  dis- 
covery, as  Mr.  Bateson'g  idea  of  discontinuous  variation 
corresponding  to  and  explaining  the  discontinuity  ofj 
gpecies;  yet  mon^  mrely  has  the  alleged  discovery  beeal 
supported  by  facts  which,  though  interesting  in  them- 
aefves,  are  for  the  most  jiart  quite  outside  the  general 
conditions  of  the  complex  problem  to  be  solved,  and  are 
therefore  entirely  worthless  as  an  aid  to  its  solution. 

Before  leaving  this  pirt  of  the  subject  we  may  note 
the  extension  of  definite  numerical  relations  to  plants  as 
well  as  to  animals.  In  dicotyledons  we  have  a  typical 
five*  petal  led  flower  or  a  corolla  with  fiva  divisions,  a 
character  which  prevails  in  irregular  as  well  as  in  regular 
flowers,  and  often  when  the  stamens  are  not  a  multiple  of 
five,  as  in  mallows,  bignonias,  and  many  others.  Some 
form  of  five^parted  flower  prevails  throughout  many  ex- 
tensive natuml  ortlers,  and  coni prises  probably  a  consider- 
able majority  of  all  dicotyledonous  plants.  A  three  or 
six-j>arted  flower  is  almost  equally  a  characteristic  of 
monocotyledons,    prevailing    even    among    the     highly 

[  specialised  and  fantastically  formed  Orchitiea?  and  Irideae, 
thus  again  demonstrating  how  large  a  portion  of  the 
specific  modifications  of  organisms  are  independt^nt  of 
variations  in   number,  but  depend  wholly  upon  variations 

'  Mr,  Bateiiiton,  however,  niako^  tlie  extrftonlinarv  fltatement  tliat 
**  It  is  especiifcUy  by  difff  rertces  f*f  mmilK.'r  and  liy  qualitative  difHerbnces 
tliut  6peciea  are  commojily  (litstingtiif^lied"  (p.  573),  Species-makera 
know  too  wdi  tbat)  among  tlie  higher  iiniiiiPik  at  iiU  events^  it  is  notaa  * 
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form,  colour,  and  stnicfcure  of  the  v^arious  parts 
and  organs. 

Other  iiiattera  of  importance  in  Mr.  Batesoo'g  work, 
together  with  some  theories  recently  advanced  by  Mr. 
Francis  Gal  ton,  will  now  be  discusaed. 


Some  Minor  Obfedions  to  ike  Darwinian  Tktory, 

We  will  now  deal  with  some  of  the  minor  objections  to 
the  views  of  most  Dar^'inians  which  are  to  be  found  m 
Mr,  Bateson's  lengthy  Introduction ;  after  which  the 
validity  of  Mr.  Francis  Galton  s  doctrine,  n&  to  positions 
of  organic  stability  (also  held  by  Mr.  Bateson),  will  be 
considered.  And  first,  we  note  that  he  uses  the  usual 
misleading  terms,  '*  minute,"  '*  mininial,"  *'  imperceptible/* 
and  ''  insensible "  (p.  15)  as  applied  to  the  individual 
variations  on  which  Darmn  relied,  although  he  has  him* 
self  given  figures  of  beetles  and  earwigs  showing  that  such 
variations  are  enormous — greater,  indeed,  than  in  the 
illustrative  cases  I  have  given  in  my  Diirivinistn} 

A  strong  attack  is  made  on  the  the<:>ry  of  the  utility  of 
specitic  ehanvcters.  It  is  admitted  that  an  enormous 
amount  of  evidence  has  been  collected,  and  that  '*  the 
functions  of  many  problematical  organs  have  been  con- 
jectured, in  some  cases  perhaps  rightly*' — yet  he  adds, 
**  whole  groups  of  common  phenomena  are  still  almost 
untouched  even  by  conjecture."  He  tells  us  that  *'  many 
suggestions  have  been  made  as  to  the  benefits  which 
edible  moths  may  derive  from  their  protective  colouration; 
and  as  to  the  reasons  why  unpalatable  butterflies  in 
general  are  brightly  coloured  "  (p.  1 1 )— but  neither  here 
nor  elsewhere  is  any  hint  given  that  more  than  "  sug- 
gestions "  have  been  advanced.  Considering  that  this  h 
the  one  bninch  of  the  .subject  in  which  natural  selection 
has  been  shown  to  be  an  actual  working  reality  in  nature 
by  the  experiments  of  Jenner  Weir,  Butler,  Stain  ton,  and 
Belt,  the  observations  of  Bates  and  Fritz  MUller,  and 
especially  by  the  experimental  invt*stigations  of  Professor 

'  S*e  Proetfdiitgn  o/fhe  Zoofoffira/  SocUfyt  1892  (p.  59-23),  in  k  paper 
b^  W.  Boteson  and  H.  H,  Briodley, 
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Poiilton,  it  was  hardly  fair  to  pass  the  subject  by  as  if 
nothing  had  been  done  but  pure  conjecture.  He  also  ignores 
the  continuous  advance  that  is  being  made  in  determining 
the  utilities  of  the  innumerable  modifictitions  in  the  fomis 
arrangement  of  the  leaves  and  other  of  the  non-ttoml 
appendages  of  plants  by  Kerner,  Lubbock,  and  many  other 
observers ;  as  well  as  the  light  thrown  on  colour  and 
marking  as  specific  chamcters  in  the  higher  animals  by 
the  consideration  of  the  value  of  dulmciivenem  for  pur- 
poses of  recognition,  a  character  of  life'preaer%^ing  %^ahie 
m  the  case  of  many  animals,  and  in  all  of  great  importance 
to  repi'oduction,  and  an  essential  factor  in  the  differentia- 
tion of  species.  It  is,  therefore,  not  correct  to  say,  **  But 
aa  to  the  particular  benefit  which  one  dull  moth  enjoys  as 
the  result  of  his  own  particular  pattern  of  dulness  as 
compared  wnth  the  cloiecly  8imi!ar  pattern  of  the  next 
species,  no  suggestion  is  made/'  The  suggestion  has 
been  made  (Danidnism,  p.  226),  and  has  been  accepted 
as  at  all  events  a  good  working  hypothesis  by  many 
naturalists.  On  this  question  of  the  utility  of  characters 
which  are  constant  characteristics  of  the  species^  but  w^hose 
utility  is  not  apparent  to  the  casual  observer,  Mr.  Bateson 
uses  veiy  strung  language.  Keforring  to  the  case  of  two 
ladybirds,  the  small  Oocmidla  decempunduta  bc*ing  exceed- 
ingly variable,  both  in  colour  and  spotting,  the  larger, 
V.  sepi€7iipundaitt,  very  constant,  he  says,  '*  To  be  asked  to 
believe  that  the  colour  of  0.  septempunctata  is  constant 
because  it  mattei^  to  the  species,  and  that  the  colour  of 
0.  diccmpunctaia  is  variable  because  it  dfxjs  not  matter,  is 
to  bo  asked  to  abrogate  reason"  (p,  572).  I  fear  that  I 
m^^eif  must  be  in  this  sad  case,  for  though  I  have  not 
been  asked  to  believe  this  unreasonable  thing,  yet  I  do 
believe  it  I  Of  course  I  may  be  wrong  and  Mr.  Bateson 
right,  but  how  is  it  that  he  is  so  absolutely  sure  that  h& 
is  right  ? 

Before  proceiKiing  further  we  may  briefly  notice  that 
Mr*  Bates4jn  seems  to  imply  that  the  "  meristic/'  or  uu- 
merical  variations,  to  which  he  has  devoted  his  volume, 
are  altogether  ignored  by  Darwinians  in  their  adoption  of 
''individual  variations**  as  opposed  to  "sports*'  for  the 
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main  materials  on  which  natural  selection  works.  But 
this  is  altogether  erroneous.  No  doubt  they  would  reject 
nine-tenths  of  Mr.  Bateyon's  cases  as  being  simply  mon- 
strosities, which  neither  have  nor  could  ever  have  had  any 
part  in  the  production  of  new  species ;  but  they  alwaya 
recognise  that  genera,  and  even  s]>ecies  are  sometime 
chanittterised  by  a  difference  in  the  number  or  arrange- 
ment of  serial  parts — as  of  vertebra*,  ribs,  teeth,  or  mark- 
ings, and  that  variations  of  this  kind  do  sonietiines, 
though  in  coinpamtively  few  cases,  form  the  niw  material 
on  which  natural  selection  works.  As  development  seems 
almost  always  to  have  proceeded  by  reduction  from  large 
and  indefinite  numbers  of  serial  pirts  to  the  minimum 
number  coni])atible  with  the  maximum  of  utility,  any  in- 
crease iti  number  occurring  now,  may  be,  as  is  usually 
considered,  a  form  of  reversion,  though  Mr.  Bateson  denies 
that  there  is  any  such  thing  in  nature.  This  diminution 
in  number  may  have  occurred  either  by  a  gradual  diminu- 
tion in  size  and  ultimate  disap]>earance,  as  when  limbs  of 
the  higher  animals  have  been  lost,  in  whales,  the  apterj^x, 
snakes,  &c ;  or  it  may  sometimes  have  been  abrupt,  which 
means  that  the  nidiment  of  the  part  ceased  to  develop  at 
an  early  embryonic  stage.  Either  mode  is  quite  in  har- 
mony with  the  views  of  Darwinians,  and  not  very  much 
seems  to  be  gained  hy  tenning  the  former  ''continuous'' 
and  the  latter  **  discontinuous/'  espt^cially  when  this  last 
term  is  held  to  include  almost  every  kind  of  nionstrosiiy. 

Organic  Stability  tis  a  Fadm'  in  Mvolution, 

We  have  now  to  consider  an  equally  important,  though, 
as  I  think,  an  equally  unsubstantial  novelty — the  view 
that  there  are  **  definite  |>ositions  of  organic  stability," 
which  alone  are  suflficient  to  mould  races  "  without  any 
help  whatever "  from  natuml  sc"; lection.  This  view  ap- 
pears to  have  originated  with  Mr.  Francis  Gal  ton,  and 
was  first  stiited  in  his  work  on '' Natuml  Inheritance," 
and  again  in  his  Royal  Sctciet}'  paper  on  "  Thumb  and 
Finger  Mat*ks."  The  same  view  is  adopted  by  Mr, 
Bateson ;  and  in  an  article  on  '*  Discontinuity  in  Evolu- 
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tion"  in  Mind  (vol  iii,,  pp.  362,  372)  Mr.  Gal  ton  approves 
of  Mr  Bateaons  work,  and  restates  his  latest  views  on  the 
subjects  and  these  I  now  propose  to  consider. 

Although  Mr.  Oalton  begins  by  the  consideration  of 
races  only,  that  is,  of  well-niarked  forms  below  the  value 
of  species,  yet  later  on  he  applies  his  theory  to  the  evolu- 
tion of  species  and  of  all  higher  groups.  Speaking  of 
discontintions  or,  as  he  terms  it,  transilient  variatioui  he 
say  a :  *'A  leap  has  taken  place  into  a  new  position  of 
stability.  I  am  unable  to  conceive  the  possibility  of 
evolutionary  progress  except  by  transilienccs,  for,  if  they 
were  mere  divergences,  each  subsct|uent  genemtion  would 
tend  to  regress  backwards  towards  the  typiciil  centre,  and 
the  advance  which  has  been  nuxde  would  be  temporary 
and  could  not  be  maintained  *'  {/,  c,  p.  ;j68),  Mr*  Ualton 
has  before  implicitly  admitted  that  there  is  such  a  thing 
as  natural  selection,  yet  in  this  [massage  he  reasons  m  if 
it  had  no  existence,  and  that  regression  to  mediocrity 
would  occur  just  the  same  with  it  as  without  it.  For  the 
essence  of  natural  selection  is  that  it  preserves  and  thus 
incnsases  ftwourable  variations  by  destroying  the  un- 
favounible  ;  btit  this  statement  by  no  means  expresses 
the  re4il  powi.^r  of  selection,  which  may  be  better  illus- 
trated by  Siiying  that  it  destroys  about  1)9  [>er  cent,  of 
the  bad  and  less  beneficial  variations,  and  pre>ier^TS  about 
the  1  per  cent,  of  those  which  are  extremely  favourable. 
With  such  an  amount  of  selection  how  can  there  be 
any  possible  *'  regression  backwards  towards  the  typical 
centre '*  whenever  any  change  in  the  environment  demands 
an  advance  in  some  special  direction  beyi>nd  it  as  the  only 
moans  of  preserving  the  race  from  extinction  ?  Well  did 
Darwin  say  that  unless  the  universal  struggle  for  exist- 
ence **  be  thoroughly  ingrained  in  the  mind,  the  whole 
economy  of  nature,  with  every  (act  un  distribution,  rarity, 
abundance,  extinction,  and  variation  will  be  dimly  seen 
or  quite  misunderstiJod/'  Almost  all  the  misconceptions 
of  popular  writers  against  Darwinism  arise  from  the  want 
of  this  constantly  present  recollection ;  and  as  capable 
and  instructed  writers,  such  as  Mr.  Oalton  and  Mr. 
Bateson,   as   well   as   capable   but   uninstnicted  writers^ 
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Buch  as  Lord  Salinbury,  alike  suffer  in  this  respect,  it  is 
needful  to  again  state  obvious  facta  which  may  serve  to 
drive  home  the  overwhelming  importance  of  this  factor  in 
evolution. 

Let  us  suppose  an  animal  which  lives  ten  years  and 
produces  ten  young  (five  paii^)  each  yc^r,  a  moderate 
allowance  even  for  many  tiiaTnnials  and  birds-  A  little 
simple  arithmetic  will  show  that  if  none  died  for  five 
years  there  would  be  6,480  pairs  in  place  of  the  one  pair, 
or,  6,480  millions  in  place  of  one  million,  as  the  case 
might  be.  But  it  is  evident  that  such  an  average  rate  of 
increase  for  all  animals  could  not  go  on  for  even  one  or 
two  years,  as  no  country  could  supply  thera  with  food* 
We  will  suppose,  then,  that  only  mte  pair,  instead  of  five, 
survive  each  year  to  breetl  the  next  year ;  but  if  this  goe^ 
on  for  the  ten  years  of  the  life  of  the  fii^t  pair  we  shall 
still  have  512  pairs  instead  of  each  pair,  a  number  which 
is  equally  impossible.  Let  us,  then,  suppose  that  only 
one-fiftieth  part  of  those  born  survive,  that  is,  that  only 
one  individual  lives  to  breed  out  of  five  successive  broods 
of  ten  each ;  even  then,  at  the  end  of  ten  yeani,  we  shall 
have  a  population  two  and  a  half  times  as  great  as  at 
first,  or,  more  exactly,  if  we  began  with  a  million  in- 
dividuals, then  in  ten  years  we  should  have  2,593,743, 
This  is  probably  something  like  what  happens.  Forty- 
nine  fiftieths  of  those  bom  never  live  to  breed,  yet  the 
population  increases  steadily  so  long  as  conditions  are 
moderately  favourable,  the  surplus  being  got  rid  of  at  un- 
certain intervals  by  recurrent  unfavourable  conditions,  so 
as  to  keep  the  number  of  individuals  on  the  average 
about  stationaty.  Looking  at  it  in  another  way,  we  find 
that,  beginning  with  100  individuals  whose  oifsprings  each 
year  amount  to  500,  of  which  only  10  survive  to  breed, 
then  during  ten  years  about  8,000  will  have  been  bom, 
making  with  the  original  hundred,  8,100,  out  of  which 
only  the  100  fittest,  or  nearly  the  fittest,  will  sur\*ivej  to 
be  again  weeded  out  every  successive  ten  years,  or  there- 
abouts. Without  making  some  numerical  estimate  of 
this  kind  it  is  impossible  to  realise  the  severity  of  the 
struggle  continually  going  on  in  nature  and  the  resultant 
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Helimmation  of  the  unfit.     With  the  above  figures  (which 

would  have  to  be  enormously  greater  with  many  species) 
we  see  that  for  every  80  born  only  1  on  the  average 
survives  to  breed.     With  i^ueh  an  amount  of  selection  it 

■  is  evident  that  whenever  it  ha-ppened  that  the  mean 
point,  or  *'  typical  centre  "  of  the  curve  of  variation*  ceased 
U}  be  the  most  advantageous  point  in  relation  to  the 
whole  conditions  of  existence,  then  a  new  typical  centre 
would  mpid ly  bo  produced  by  the  eliniinafcion  of  all  which 

I  diverged  from  it  to  any  injurious  extent  There  could 
not  poasibly  be  any  permanent  iiegi-ession  from  the  new 
typical  centre  unless  the  inevitable  survival  of  the  fittest 
in  a  rapidly  increasing  population  can  be  got  rid  of 
We  are  now  in  a  position  to  discuss  Mr,  Gal  tons 
theory,  that  there  are  certain  variations  which  passess 
**  organic  stability,"  and  that  these  are  the  real  factors  of 
evolution  **  without  any  help  whatever  from  the  process  of 
selection/*  And  first,  what  is  the  exact  character  of  these 
stable  variations,  which  form  r(ucs  and  ultimately  new 
species  by  their  own  inherent  force  of  stiibility  ?  Is  the 
stability  in  relation  to  the  actual  conditions  of  the  en- 
vironment or  altogether  independent  of  those  conditions? 
If  the  former,  how  diti  it  come  to  be  in  harmony  with  them  ? 
If  this  harmonious  relation  depends  upon  a  mere  chance 
coincidence,  wc  have  to  consider  the  comparative  rarity 
of  these  large  or  discontinuous  variations,  and  that  only  a 
small  proportion  of  them  have  the  alleged  character  of 
*'  stability/*  Moreover  this  class  of  variations  is  generally 
a  variation  in  a  single  part  or  organ,  and  Herbert  Spencer 
(as  well  as  many  other  writers)  has  argued  forcibly  that 
inodifications  of  single  characters  would  in  all  cases  be 
useless  unless  accompanied  by  the  correlative  modifications 
of  a  number  of  other  characters.  I  have  myself  shown 
that  in  the  case  of  ordinary  variations  this  is  no  difficulty, 
because  all  characters  are  varying  more  or  less  in  every 

feneration,   and   thus   the   needful   harmonious   relation 
etween   the  different  organs    or    |mrts    can    be    easily 
maintained  ;    but  in  the  case  of  these  large  exceptional 

I  variations  the  difficulty  is  an  overwhelming  one.     And  we 
must  always  remember  that  these  alleged  *'  stable  "  vari- 
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ations,  from  the  first  monietit  of  their  appearance,  cannot 
possibly  escape  from  the  action  of  natuml  selection.  As, 
roughly  speak  !y,  only  about  one  per  cent,  of  each  generation 
survives  to  breed,  this  new  form,  however  stable  in  itself, 
cannot  bt^come  part  of  that  one  per  cent*  unless  the 
particular  variation  which  characterises  it  is  either  bene- 
ficial or  entirely  harmless.  But  in  the  latter  case  it  i"* 
difficult  to  see  what  constitutes  its  su|>erioritj  over  the 
rest  of  the  species  which,  year  by  year,  by  means  of  this 
intensely  severe  process  of  elimioation,  is  kept  in  hannooy 
with  the  environment.  If  the  stabiliTy  consists  in  greater 
health,  vigour,  reproductive  power,  or  intclligt»nce»  all 
these  qualities  have  already  been  de%*e loped  to  the  fullest 
needful  extent,  and  these  superior  imlividuals  will  be 
selected  in  the  usual  way.  But  if — as  a  second  alter- 
native— these  alleged  stable  variations  are  supposed  to 
have  some  kind  of  inherent  stability  independent  of  the 
environment,  then,  sbibility -notwithstanding,  they  W'ould 
inevitably  soon  succumb  under  the  terrible  eliminating 
power  which  year  by  year  leaves  only  about  one  per  cent, 
of  the  most  fit  to  survive.  There  is  really  no  escapt^  from 
this  dilemma :  If  your  new  variety  i$  among  the  one  or 
two  per  cent,  of  the  most  fit,  then  it  doe^s  not  need  this 
purely  imaginarj^  quality  of  "  organic  stability  *'  in  order 
to  survive  ;  if  it  is  not  among  this  small  body  of  the  most 
fit— that  is,  of  the  best  adapted  to  the  whole  conditions  of 
existence  of  the  species  or  race — then,  any  other  quality 
notwithstanding,  it  will  certainly  not  survive.  The  term 
*'  organic  stability  "  has  really  no  meaning  except  that  of 
harmonious  adaptation  to  the  environment  as  tested  and 
maintained  by  natural  selection.  To  talk  about  new  races 
or  species  being  produced  *'  without  any  help  w^hatever 
from  natural  selection  *'  can,  under  theactua!  conditions  of 
the  terrestrial  universe,  only  mean  that  there  is  an 
inherent  developmental  power  which  modifies  organisms 
in  definite  ways,  and  in  more  perfect  harmony  with  the 
environment  than  has  been,  or  can  be,  brought  about  by 
natural  selection,  thus  keeping  these  modified  organisms 
always  ahead  of  the  rest.  They  may  thus  be  said  to  be 
independent  of  survival  of  the  fittest,  because  they  and 
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their  oflFspring  always  arc  the  most  fit,  and  therefore 
always  aurvive  \  On  this  theory  evolution  goes  on  bj  the 
production  of  new  racers  complete  and  ready  formedt  and 
in  perfect  harmony  with  the  environment  whenever  that 
environment  undergnes  a  change.  But  no  evidence  is 
offered  for  such  an  extraordinary  developmental  power 
being  always  at  work  and  always  able  U\  pnxluce  adaptation 
to  an  ever  changing  environment.  Such  a  power  would 
be  hardly  different  from  the  old  special  creation,  or  than 
the  pre-orddntnl  harmony  of  the  philosophers ;  and  it 
would,  moreover,  have  rendered  unnecessiiry  and  unin- 
telligible that  rapid  multiplication,  and  consequent 
enormous  expenditure  of  life,  which  now  prevails.  It 
would  equally  render  unnecessary  that  wonderful  property 
of  individual  vaiiability,  whose  only  use  would  then  be  to 
enable  man  to  ininrove  his  domestic  animals  and 
cultivated  plants.  We  should  thus  have  two  rival 
nystems  at  work,  and  we  might  almost  imagine  Mr, 
Sullivan's  cosmic  spirits — William  and  James — to  be 
realities,  and  that  each  had  been  experimenting  in 
organic  development  on  our  earth  in  oitJer  to  see  whose 
scheme  was  the  most  satisfactory.* 


Fingtr-marh^  ds  IlhtMrating  Organic  SiahilUy. 


As  evidence  of  the  actual  existence  of  this  hypothetica 
"  organic  stability,*'  Mr.  Gal  ton  adduces  the  patterns  in 
thumb  and  finger-marks,  which  he  has  so  carefully 
studied.  In  his  Royal  Society  paper  on  this  subject,  he 
tells  us  that  these  marks  fiiU  into  definite  gi'oups  and  can 
be  systematically  classified,  and  he  actually  describes  and 
figures  twenty*five  distinctive  p«\ttema  arranged  under 
three  very  distinct  classes.  He  then  urges  that  these 
fundamentiUly  distinct  classes  are  strikingly  analogous  to 
genera  in  biologyn  and  as  the  patterns  are  so  insignificant 
in  every  way  that  they  can  in  themselves  be  neither 
useful  nor  omamentiU,  and  c-an  therefore  never  have  been 
the  subjects  of  selection,  they  prove,  he  thinks,  **that 
natural  selection  has  no  monopoly  of  influence  in  forming 
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genera,  but  that  it  c^uld  bt?  wholly  dispensed  with,  the 
internal  conditions  acting  by  themselves  being  amply 
sufficient  to  form  them/*  And  it  is  from  the  case  of  these 
finger*inarks  that  he  considers  the  reality  of  jx>sitions  af 
organic  stability  has  been  proved,  and  that  they  are 
"  competent  to  mould  races  without  any  help  whatever  from 
the  process  of  selection/' 

At  first  sight  this  may  appear  to  be  sound  masoning, 
and  to  be  fatal  to  some  of  the  claims  of  the  Darwinians, 
but  further  examination  will  show  that  it  is  a  pure 
hllmy  arising  from  the  vague  use  of  terms,  and  from 
comparing  quite  different  things  as  if  they  were  of  the 
same  nature.  The  fallacy  depends  on  applying  the  tenws 
of  classification  in  systematic  biology  to  groups  of  single 
objects  which  have  no  real  relation  with  the  genera  and 
species  of  the  naturalist.  The  essential  charaetor  of  a 
species  in  biology  is,  that  it  is  a  group  of  living  organisms, 
separated  from  all  other  such  groups  by  a  set  of  distinctive 
characters,  having  relations  to  the  environment  not  iden- 
tical with  those  of  any  other  group  of  organ isn[is,  and 
having  the  power  of  continuously  reproducing  its  like. 
Genera  are  merely  assemblages  of  a  number  of  these 
species  which  have  a  closer  rescmiblancc  to  each  other  in 
certain  important  and  often  prominent  characters  than 
they  have  to  any  other  groups  of  species.  It  will  be 
more  intelligible  and  more  instructive  if  we  confine  our- 
selves to  species  as  the  unit  of  comparison  with  Mr. 
Galton's  groups  of  stable  finger-pattenis,  in  order  to  show 
the  fundamental  differences  between  them.  And  first  we 
see  that  Mr.  Galton  classifies  the  marks  themselves,  not 
the  individuals  w^ho  po^ess  the  marks.  He  tells  us  that 
the  very  same  genenil  varieties  in  these  marks  are  found 
in  English,  Hindoos,  and  Negroes,  and,  presumably  in  all 
other  races  ;  and,  further,  that  he  has  *'  failed  to  observe 
any  correlation  between  the  patterns  and  any  single 
personal  quality,  whether  mental  or  physical."  All  this  is 
entirely  different  from  either  specific  or  generic  charactens, 
whose  tsseniiul  feature  is  that  they  are  found  in  every 
normal  individual  of  the  genus  or  species,  and  are  alwatfs 
correlated  with  other  charactei's.     In  his  first  |mper  on 
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this  subject  (in  1890)»  Mr.  Galton  said  he  had  reason  to 
believe  that  the  pattt*rns  are  to  some  extent  hereditary, 
but  that  he  had  no  evidence  of  it;  while  in  hin  paper  m 
Mind  four  years  later,  he  could  still  only  say  that  *'  they 
are  to  be  lookeii  upon "  n^  having  *^  a  slight  tendency 
towards  transniiasion  by  inheritance/'  But  the  very 
essence  of  specitic  and  generic  characters  is,  that  they  are 
strictly  tran.smitted  by  inheritance.  Yet  again,  whatever 
difference  of  opinion  there  may  be  as  t*^  the  utility  of  all 
the  characters  which  distinguish  species,  eveiy  one  will 
admit  that  mmiy  are  useful,  and  especially  that  the 
general  assemblage  of  characters  that  fit  each  species  for 
a  somewhat  different  mode  of  life  from  its  nearest  allies, 
must  certainly  be  useful  But  the  very  essence  of  Mr 
Galton*s  argument  as  to  these  finger-prints  is,  that  they 
are  not  and  cannot  be  in  any  way  directly  useful.  How, 
then,  can  the  manner  in  which  thoiie  patterns  may  be 
grouped,  furnish  us  with  any  argument  whatever  as 
regards  such  totally  diverse  things  as  generic  or  specific 
cbamcters — and  still  less  as  regi?ds  genera  and  species 
themselves  ? 

The  fact  is,  no  doubt,  that  these  patterns  are  the 
direct  result  of  the  laws  of  growth  of  the  tissues  of  the 
skin.  The  limited  number  and  definite  character  of  these 
p[\ttems  are  probably  the  mechanical  incidental  results 
of  these  laws,  under  the  ever- varying  conditions  of  develop- 
ment in  each  individual.  A  good  analogy  w^ou Id  be  found 
in  snow -crystals,  of  which  about  a  thousand  varieties 
have  been  recorded,  which  may,  however,  all  be  grouped 
under  five  classes,  while  each  snow-fall  usually  produces 
crystals  of  one  class.  Here  we  have  the  fixed  and  definite 
laws  of  the  crystallisation  of  water,  so  modified  by  con- 
ditions of  moisture,  temperature,  motion,  and  perhaps 
electric  state  of  the  atmosphere,  as  to  lead  to  this  wonder- 
ful  variety  of  the  product,  j^et  always  subject  to  the  law 
of  crystalliue  symmetry  and  to  systematic  grouping  under 
definite  classes ;  just  as  in  these  finger-prints  we  have  a 
more  limited  variety  of  ibrms,  which  also  can  be  grouped 
under  a  few  ehisscs.  But  neither  the  one  nor  the  other 
has  any  real  bearing  upon  the  problem  of  the  nature  and 
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origin  of  the  genersi  and  species  of  living  oi^axuafos.  A 
study  of  the  distribution  of  the  stars  over  the  siirfa<^  of 
the  heavens,  or  of  the  interliK^ing  ripple-marks  npon  the 
sea- beach,  would  no  doubt  show  that  these  objects  i  nig  hi 
also  be  the  subject  of  claj^ification ;  and  from  the  pcjint 
of  view  of  elucidating  the  origin  of  species,  they  would 
be  about  as  useful,  or  as  worthless,  as  the  study  of  finger- 
ujarks. 

Of  course,  there  are  many  varieties  or  races,  both  aniaijg 
animals  and  plants,  which  continually  reiipixmr,  and  which 
in  some  cases  are  known  to  reproduce  their  like,  and  tht^ 
undoubtedly  have  an  appearance  of  stability.  Such  ar^? 
the  light  and  dark-coloured  varieties  in  many  insect-s  and 
in  some  mammals  and  birds ;  the  hairy  or  smooth  varietieas 
of  plants ;  specially  banded  or  coloured  land-shells,  and 
many  others.  Whenever  any  of  these  variations  are  U'Jt 
injurious  under  the  actual  conditions  of  existence  of 
the  species,  they  may  pt^rsist  in  considerable  numl>ers. 
and  thus  appear  t*j  be  stable.  But  others  which  are  com- 
paratively mre  may  be  just  as  stable  organically,  as  shown 
by  the  case  of  white  mice,  pigeons,  &c.|  which  increase  to 
any  extent  under  domestication.  In  a  wild  state  they 
never  do  so,  and  the  obvious  reason  is,  that  either  the 
conB|jicLious  colour,  or  something  con'elated  w^ith  it,  i^ 
injurious.  In  flowers  white  vaneties  are  frequent,  and 
they  occur  in  all  degrees  of  abundance  or  rarity ;  and  thii* 
indicates,  in  all  probability,  various  degrees  of  hurtful- 
nmB,  If  in  any  case  the  white  colour  were  not  at  all 
injurious  as  compared  with  that  of  the  type,  it  would 
ahuost  always,  by  the  operation  of  Dtdbo^ufs  Law,  tend 
to  increase  to  nearly  an  equality  with  the  parent  fonn : 
and  as  this  equality  so  rarely  occurs,  we  must  conclude 
that,  in  most  cases,  the  variety  (of  whatever  kind)  in  lo 
some  extent  injurious.*     From  the  usually  limited  num- 

*  For  a  iitateijierit  and  pcipular  demonstraiion  of  Delbtuf's  Law,  «ei! 
ffahif  and  IfthHi^vttc*^^  1*3-  J.  J.  Murpbyj  'ind  Kci>  p.  24 L  Briefly,  tb® 
law  is,  that,  if  a  apeciea  prmluce^  a.  variety,  in  however  «niall  a  proptir- 
tiCKEi  ttunaiUly ,  antl  if  the  variety  produces  itn  like  in  the  smme  pi'fiportkm 
OM  dofeH  the  specri^is,  Eiud  if  it  "is  ueither  beneftcrnl  nor  hurtful  to  iht 
Bpcciesj  ihvn  the  vtiriety  wiU  iiicreaae,  rapidly  at  tii^t  and  more  slowly  , 
ttfterwaiMis,  lijl  it  approitcbefi  ta  equality  in  inimbt^rs  wHIi  the  i *  " 


ber  of  individuals  presenting  these  discontinnoiis  variations, 
we  may  therefore  draw  an  important  condueion  which 
has  hitherto  been  overlooketL  It  is^  that  not  only  do 
such  variations  afford  no  support  to  the  theory  of  a 
special  "  organic  stability  '*  capable  of  producing  races, 
specios,  and  even  gen  em,  without  any  aid  from  natural 
selection,  but  they  furnish  a  strong,  if  not  conclusive, 
argument  against  it,  since  any  which  tlid  possess  such 
exceptional  stability,  and  weru  in  no  degree  lujitrious, 
w^ould  long  since  have  become  equal  in  numbers  to  the 
type  of  the  species* 

Laws  of  Growth,  Importauee  of, 

A  few  words  are  here  necessary  as  to  the  very  common 

misconception  that  extreme  Darwinians  do  not  recognise 
the  importance  of  the  organism  itself  and  of  its  laws  of 
growth  and  development,  in  the  process  of  evolution. 
For  myself,  I  may  Sixy  that  no  one  can  be  more  profoundly 
impressed  by  the  vast  rangt%  by  the  complexity,  by  the 
mystery,  by  the  marvellous  power  of  the  laws  and  pro- 
perties of  organised  matter,  which  constitute  the  very 
foundation  of  all  lifc^.  and  which  alone  render  pt>ssible  it« 
countless  manifestations  in  the  animal  and  vegetable 
worlds :  while  those  who  have  read  Weissnuinn's  account 
of  the  complex  processes  of  development  of  spenn  and 
germ  cells,  in  his  vnlume  on  'fhe  Germ  Phtsmf  must  feel 
sure  that  he,  at  all  events,  can  have  no  inadequate  con- 
ception of  their  impoitance. 

What  Darwinians  tleny  is^as  I  understand  the  ques- 
tion— that  these  laws  themselves  si*rve  to  keep  the 
coin] dieted  organism  in  close  adaptation  to  the  fluctuating 

From  this  law  it  f{>llr>ws  tliatp  an  vnrietiea  are  uau^Uy  very  much  less 

numerous  than  the  «p<?cieR,  this  niuEst  J>e  due  to  on*?  of  the  following 

V  if»D»e« ;  either  ( 1 )  the  viiriety  htks  hut  recently  orlgiruitedj  lind  hiui  not  had 

P^'time  to  increa«ii ;  or  [2)  the  variety  has  cea«ed  to  be  produced  by  the 

f      speciefi ;  or  (S)  it  does  not  re^^roduce  its  like  bo  completely  as  does  the 

Bpeotes  I  of  {4]  it  is   disadvantageous   to  the  apeciea^     The  Hrst  two 

suppositions  are  improbable,  and  can  only  account  for  a  very   small 

proportion  of  the  varieties  wliich  are  greatly  inferior  in  nuinJxjra  to  the 

species;  the    other    two    are   autagoniatic    to  any    up^cial    '* organic 

stabdity,^  which    must,  tberefoi-e    in    the  great  majority  of  caaes   W 

rejected  aji  heing  both  nnprovem  and  also  opposed  W  XVwa  \qa\a. 
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enTirDiimeot,  instead  of  merely  fitmishiiijg^  the  mai^rial 
which  b  required  for  that  adaptation.  Id  our  view,  the 
fimdainental  laws  uf  growth  and  development,  through 
the  agency  of  rapid  multiplication  and  constant  vanability, 
provide  the  material  on  which  natural  selection  act^,  and 
by  means  of  which  it  is  enabled  to  keep  up  the  adaptation 
to  the  environment  (which  alone  renders  continuou!^  life 
and  reproduction  {Kjssible)  during  the  constant,  though 
slow  changes,  whether  inorganic  or  organic,  hv  which, 
m  the  csouree  of  ages,  the  effective  environment  of  each 
species  becomes  more  or  less  profoundly  modified,  ThoSi 
and  thus  alone,  we  believe,  are  new  sp^ies  produced  in 
strict  adaptation  to  the  new  environment.  So  &r  as 
rendering  possible  and  actually  leading  to  growth,  re* 
production,  and  variation,  the  fundamental  laws  are 
supreme.  In  securing  the  development  of  new  forms  in 
adaptation  to  the  new  environment,  natural  iselection  is 
supreme.  Hence  arises  the  real  distinction — though  we 
may  not  always  be  able  to  distinguish  them — ^between 
specific  and  non-specific  or  developmental  characters. 
The  former  are  those  definite,  though  slight  modifica- 
tions,  through  which  each  new  species  actually  became 
adapted  to  its  changed  environment  They  are,  there- 
fore, in  their  very  nature,  useful.  The  latter  are  due  to 
the  laws  which  determine  the  growth  and  development 
of  the  organism,  and  therefore  they  rarely  coincide 
exactly  with  the  limits  of  a  species.  The  more  important 
of  these  latter  characters  are  common  to  much  larger 
groups,  as  families,  orders,  or  classes,  while  others,  de- 
pending partly  on  complex  and  fiuctuating  infiuences, 
are  variable  even  within  the  limits  of  a  specie.  Of 
this  last  kind  are  the  finger-prints,  which,  like  many 
other  minute  details  of  form  or  structure,  vary  from 
individual  to  individual 


I  have  now,  I  think,  shown  that  the  two  most  recent 
efforts  to  establish  new  "  methods  of  organic  evolution  " 
as  cither  complete  or  pitrtial  substitutes  for  natuiul  selec- 
tion— that  is,  for  the  survival  of  the  fittest  among  the 
individual  variations  annually  produced — havecnmpTetely 
failed  to  astablish  themselves  aa\iabVm^^T3L>g  ^^^\I\^\!i\«i  ^ 


actual  facte  of  nature.  Mr,  Batesoii*a  di  scon  tin  nous  varia- 
tiODS  were  ItiDg  ago  rejected  by  Darwin  as  having  no  impor- 
tant part  in  the  fornuition  of  new  species,  while  recent  and 
ever-gr*>wing  proofe  of  the*  generality  and  the  inagnitvide 
of  individual  variability,  render  these  larger  and  raix*r 
kinds  of  variation  of  even  less  importance  than  in  his 
time.  Mr.  Gal  ton  s  theory  of  organic  stability,  which  is 
essential  to  the  suecess  of  discontinuous  variations,  has 
been  shown  to  be  founded  upon  a  comparison  of  things  al 
a  totally  dissimilar  nature,  and,  further,  to  be  absolutely! 
unintelligible  and  powerless  unless  in  strict  subordinatioD* 

f  to  natural  selection. 

The  reason  why  two  writei^  of  such  extensive  know- 
ledge and  undoubted  ability  have  so  completely  failed  in, I 
dealing  with  the  great  problem  of  the  modification  of 
organic  forms,  has  been  clearly  indicated  during  the  course 
of  this  discussion.  It  has  arisen  from  the  fact  that  they 
have  devoted  themselves  too  exclusively  to  one  set  of 
factors ,  while  overlooking  other*^  which  are  both  more 
general  and  more  fundamental  These  are,  the  enor- 
mously rapid  multiplication  of  all  organisms  during  more 
favourable  periods,  and  the  consequent  weeding  out  of 
all  but  the  fittest  in  what  must  be  on  the  whole  stationary 
popu  lat i on s.  A  m \ ,  acti  n g  i n  combination  w i  th  t h i s  an n ua I 
destruction  of  the  less  tit,  is  the  periodiml  elimination 

I  under  recurrent  unfavourable  conditions,  of  such  a  large 
proportion  of  each  species  as  to  leave  only  a  small  frac- 
tion— the  verj^  elect  of  the  elect— to  continue  the  race. 
It  is  only  by  keeping  the  tremendous  severity  of  this  in- 
evitable and  never-ceasing  process  of  selection  always 
present  to  our  minds,  and  applying  it  in  detail  to  each 
suggested  new  ftxetor  in  the  process  of  evolution,  that  we 
shall  be  able  to  detennine  what  part  such  factors  can  take 
in  the  production  of  new  species.  It  is  because  they  have 
not  done  this,  that  the  two  authors,  whose  works  have 
been  here  examined,  have  so  completely  failed  to  ntake 
any  real  advance  towards  a  more  complete  solution 
of  the  probleni  of  the  Origin  of  Species  than  has  been 
reached  by  Darwin  and  his  successors. 


CHAPTER  XVIII 


THE  PROBLEM  OF  UTILITY  :   ARE  SPECIFIC  CHARACTERS 
ALWAVB  OR  GENERALLY  USEFUL  ?  ^ 


The  above  stated  question  is  tjiscussed  at  great  length 
in  the  second  part  of  the  late  Mr,  Romanes*  work  on 
Darwin  and  After  Bartidn,  fully  half  of  the  volume  being 
devoted  to  it ;  and  in  the  preface  the  author  states  his 
belief  that  his  arguments  are  so  conclusive  that  he  has 
'*  broken  to  fragments  *' the  doctrine  of  utility,  and  that 
he  has  *'  made  a  full  end  thereof/'  A  careful  perusal  of 
the  volume,  and  a  full  consideration  of  all  the  facts  and 
arguments  adduced  therein,  seem  to  me  to  leave  the  prob- 
lem just  where  it  was  before ;  but  the  variety  of  the  sub- 
jects discussed,  the  great  mnss  of  details  referred  to,  and 
the  ingenuity  of  some  of  the  arguments  in  support  of  the 
author's  view,  lead  me  to  think  that  I  have  not  hitherto 
set  forth  the  facts  and  arguments  in  favour  of  the  utility- 
theory  with  sufficient  completeness,  while  I  am  indebted 
to  the  lamented  author  for  pointing  out  one  or  two  weak 
points  in  my  discussion  of  the  question,  and  for  a  number 
of  useful  references  to  Darwin's  statements  on  the  points 
at  issue,  some  of  which  I  had  overlooked. 

Although  Mr.  Romanes'  discussion  of  the  question  is  so 
lengthy,  the  problem  itself  is  in  its  essence  a  comparatively 
simple  one,  and  is  I  believe  capable  of  being  solved  h 
reference  to  well -known  facts  and  admitted  princi 
The  reason  why  Mr  Romanes  is  able  to  support  his  views 

^  This  jjaper  woa  read  before  the  Ltiinf»iii  Society  on  June  18th,  lS9(i, 
ami  priiited  in  the  ilQurnftl— ZooUiyg^S  "^^^^  *'*'^^- 


by  a 
iples. 
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yso  many  quotatioTia  from  Darwin 's^  works,  is  due  to  the 
fact  that  Darwin  was  Hrmly  convinced  of  the  htredily  of 
acquired  chamctem,  and  t'SjKTially  of  the  iiiHuenc!*.'  of  food 
and  climate  and  the  effects  of  use  ami  disuse ;  and  this 
belief  must  be  borne  in  mind  whenever  he  speaks  of 
specific  characters  being  due  to  other  causes  than  natural 
selection.  It  must  also  be  remembered  that  Darwin  was 
not  acquainted  with  the  evidence  we  now  possess  as  to  the 
extreme  frequency  of  variation  everywhere  in  nature,  its 
large  amount,  anil  its  universality  in  every  organ  and  every 
character  that  can  be  measure<l  or  otherwise  estimatea* 
Had  he  known  what  we  now  know  on  this  subject,  he 
would  not  so  frequently  have  matie  the  provijjo — *'  if  they 
vary,  for  without  variation  natural  selection  can  do  no- 
thingp*'  or  have  alluded  to  the  pfj??sibility  of  variations  of 
the  same  kind  occurring  "  perhaps  after  a  long  interval  of 
time,"  We  now  know  tliat  variations  of  almost  every  con- 
ceivable kind  occur,  in  all  the  more  abundjuit  species,  in 
every  generation,  and  that  the  material  for  natural  selec- 
tion to  work  upon  is  never  wanting*  Accepting,  then, 
these  facts  of  variation,  and  always  keeping  in  mind  the 
severity  of  the  struggle  for  existence,  nine- tenths  at  least 
of  the  progeny  of  the  highei'  animals  perishing  annually 
before  reaching  maturity,  thus  leading  to  a  systematic  and 
continual  weeding  out  of  the  less  fit — ^^let  us  endeavour  to 
realise  the  proceas  of  the  formation  of  new  s[>ecies  and  the 
nature  of  the  chamcters  which  distinguish  allied  species 
m  each  other 


The  Principle  of  UtilUy. 

In  my  article  on  *■  Mimicry  and  other  Protective  Resem- 
blances among  Animals,"  first  published  in  1BG7,  I  laid 
down  the  principle  of  utility,  j^erhaps  a  little  too  abso- 
lutely»  in  the  following  passage : — *'  Perhaps  no  principle 
has  ever  been  announced  so  fertile  in  results  as  that  which 
Mr.  Darwin  so  earnestly  impresses  upon  us,  and  which  is 
indeed  a  necessary  deducticm  from  the  theory  of  Natural 
Selection,  namely^ — that  none  of  the  definite  facts  of  or- 
ganic nature,  no  special  organ,  no  characteristic  fonn  or 
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marking,  no  peculiarities  of  instinct  or  of  habit,  no  rela- 
tions between  species  or  between  groups  of  species »  can 
exist  but  which  must  now  be,  or  once  have  been,  tiseftd  to 
the  individuals  or  races  which  ]>ossess  them/*  Professor 
Huxley,  in  his  obituary  notice  of  Darwin ^  expressed  the 
sami^  idea  as  follows : — "  Every  variety  which  is  selected 
into  a  species  m  favoured  and  preserved  in  consequence  of 
being,  in  some  one  or  more  respects,  better  adapted  to  its 
surroundings  than  its  rivals.  .  .  ,  For,  as  has  been  pointed 
out,  it  is  a  nece.ssary  consequence  of  the  theory  of  Selection 
that  every  species  must  have  some  one  or  more  structural 
or  functional  peculiarities,  in  virtue  of  the  advantage  con- 
ferred by  which  it  has  fought  through  the  crowd  of  its 
competitoi^  and  achieved  a  certain  duration.  In  this 
sense  it  is  true  that  every  species  has  been  '  originated  by 
selection/ "  Now  these  charact^rSj  in  virtue  of  which  the 
variety  has  become  a  species,  are  in  fact  its  "  specific 
characters,"  and  they  alone  will  absolutely  differentiate  it 
from  all  other  species.  We  need  not  trouble  ourselves 
about  the  cases  of  doubtful  species,  in  which  the  distinctive 
charactei«  are  either  so  minute  or  so  unstable  that  we 
cannot  invariably  determine  them.  On  the  theoiy  of 
evolution  by  natural  selection  there  must  be  such  cases. 
They  are  species  in  the  making  and  not  quite  completed. 
But  in  the  great  majority  of  species  definite  characters  do 
exist  by  which  any  single  individual  can  be  recognised 
and  the  species  to  which  it  belongs  be  determined ;  and 
the  question  is,  whether  or  no  the  characters,  or  combin- 
ation of  characters,  which  thus  differentiate  it  are  now 
useful  or  were  useful  at  the  time  of  its  origination.^  In 
order  to  answer  this  question,  we  must  briefly  summarise 
both  the  facts  and  the  admitted  principles  or  theories 
which  bear  ujK>n  it. 

^  To  thta  should  lie  added — "or  were  correlated  ^tH  some  useful 
ohttractora.*^  I  have  referred  to  Buch  correlatiotiR  in  my  NtUmral 
Stitttion  and  Trojfira/  JVa/tirf,  pp.  172  and  175  -  and  tts  to  apptLTQiiUy 
nseleiis  characters  bemg  in  some  eaaea  correlateii  itrjth  thoa«  wliich  ar« 
U!»efuU  in  <">'  DarmnUm,  p.  140  ;  but  it  ir  cundberaome  to  reitate  this 
part  of  the  thiwry  whenever  it  ia  allegeii  that  all  apeciHc  characters 
are  ttsmtuL 
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^^^ffiliDant  sj>ecit3s  which  appear  to  be,  and  })robably  are  for 
coiLsiderable  periods, triable,  both  in  average  population  and 
in  the  extent  ofthe  area  they  fjcciipj.  Taking  any  one  of 
these  species— say  of  bird  or  mamnml — ^so  long  as  the  whole 
conditions  of  its  environment  remain  unehaoged  or  very 
little  changed  it  will,  theoretically,  continue  to  maintain 
itself,  as  we  know  maoy  species  have  maintained 
themselves  during  the  whole  period  since  the  glacial  epoch, 
and  some  very  much  longer.  The  species,  however,  is  not 
absolutely  homogeneous.  It  varies  in  every  generation, 
not  minutely  or  infinitesimally  as  was  formerly  supposed, 
but  very  considerably,  the  variations  being  easily  seen  and 
measured  by  any  one  who  looks  for  then* ;  and  they  extend, 
so  far  as  we  know,  to  every  part  of  the  organism,  external 
and  internal,  since  no  part  has  yet  been  found  to  be 
invariable  when  a  large  number  of  individuals  have  been 
compared.  The  species  is  therefore  composed  of  a  fluctu- 
ating mass  of  variable  units  which  yet  maintain  the  same 
general  average  or  characters,  and  this  it  can  only  do  by  a 
constant  or  intermittent  weeding  out  of  the  extremes  in 
every  direction.  Such  a  weeding  out  on  a  large  scale  takes 
place  annually,  because,  although  the  annual  increase  by 
birth  is  very  large,  the  population  of  adults  remains 
approximately  Hxed.  The  species  is  maintained  in  harmony 
with  its  environment  by  the  survival  of  the  tit  test, 
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But  now  let  some  important  change  occur,  either  in 
climate^  in  abundance  of  foc»d,  or  by  the  irruption  of  some 
new  and  hitherto  unknown  enemies,  a  change  which  at  first 
injuriously  affects  the  species.  It  must,  therefore,  undergo 
some  amount  of  modification,  either  structural  or  functional, 
in  order  to  succeed  under  the  new  conditions ;  and  the 
constant  variations  of  every  part  (around  its  mean)  furnish 
the  materials  for  adapting  the  organi&^m  to  these  new  condi- 
tions«    If  a  new  ei^etny  i^  tt\^  dwg'ar  lo  be  ^viatd^da.'^m^t^ 
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thiB  adaptation  may  be  effected  in  several  waja.  Swiftne^ 
in  runoing  or  flying,  habits  of  concealment,  or  seeking  new 
kinds  of  tbod  in  places  inacessible  to  the  enemy,  laay  €sacli 
lead  to  the  survival  of  those  individuals  which  were 
sufficiently  intelligent  to  adopt  them,  or  suHiciently 
favoured  by  nvpid  variation  in  the  desired  direction. 
Survival  of  the  fittest  in  these  respects,  g^^ing  on  year  by 
year,  might  lead  t<>  the  formation  of  two  or  more  divergiog 
races  each  able  to  maintain  itself  in  the  preisence  of  the 
new  enemy,  while  the  former  average  type  of  the  species 
ra pi d  \y  beca m e  c x tin c t.  We  s h ou  Id  t h u s  h a v e  t w o  or  th ree 
incipient  new  species;  but  they  would  not  become  well 
differentiated  species  tilt  they  had  acquired  certain  definite 
and  important  characteristicij.  These  are  (1)  some  amotint 
of  infertility  when  crossed  with  the  parent  form  or  with 
each  other  ;  ami  (2)  some  distinct  and  conspicuous  external 
characters  by  means  of  which  the  new  varieties  could 
readily  distinguish  their  own  kind  even  when  at  consider- 
able distances  or  when  partially  concealed ;  or,  in  the  case 
of  flow^ering  plants,  be  distinguished  by  the  insects  which 
fertilise  them. 

The  greatest  danger  to  a  species  under  new  and  adverse 
conditions  is,  that  it  should  not  be  able  to  adapt  itself  t^ 
them  with  sufficient  mpicHty.  It  is  for  this  reason  that,  as 
Darwin  conchides,  new  species  arise,  mainly,  from  those 
which  have  a  large  population,  which  occupy  a  wide  area, 
and  which  present  much  variation — a  combination  rarely 
found  except  in  the  great  continents.  But  this  danger  is 
evidently  much  increased  if  crossing  with  the  parent  form 
is  not  at  first  checked  and  soon  afterwards  completely  pre- 
vented except  as  a  quite  exceptional  occun'ence.  The  means 
of  preventing  this  intercrossing  are,  for  animals,  either 
infertility  J  external  distinctions  leading  to  the  preferential 
mating  of  similar  fornis,  or  physical  isolation.  The  latter 
I  believe,  with  Darwin,  to  be  of  comparatively  little  im- 
p>rtance  and  to  have  very  rarely  been  the  chief  agent  in 
modification.  In  the  great  majority  of  Ciises  a  new  species 
must  arise  amidst  the  population  of  an  existing  species ;  and 
while  its  adaptation  is  progressing  any  intercrossing  with 
the  parent  form  will  be  injurious.  I  have  endeavoured  to 
sbow^  and  can  still  ftnd  no  fta^  m  m^  r^Eaoning,  that 
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mtitual  infertility  would  be  usually  brought  about  by 
natural  selection  wherever  the  two  ibmis  were  in  contact, 
and  also  that  the  early  occurrence  of  weJl*marked  external 
difference's  would  assist  greatly  in  the  rapidity  of  adapta- 
tion.^  This  view  will  explain  the  curious  fact  of  the 
well- mark cfl  differences  of  colour  or  fonu  which  almost 
invariably  characterise  allied  specie*^.  These 'Vrccogniti on 
marks,"  as  I  have  termed  them,  are  of  great  m^  even  to 
existing  well -defined  species,  but  they  must  have  been  of 
still  greater  use  during  the  earlier  stages  of  differentia- 
tion, when  the  very  existence  of  the  new  form  must  have 
largely  depended  on  them, 

I  may  here  remark  that  it  is  because  these  external 
differences  of  colour  or  marking  are  quite  as  constantly 
present  in  peculiar  insular  species  as  in  those  inhabiting 
a  continent^  that  I  do  not  bi^licve  in  local  isolation  as  of 
any  real  importance  in  sjiecies-formation.  Insular  species 
may  have  been  produced  in  two  ways.  Either  a  portion 
of  a  declining  species  may  have  reached  the  island,  where 
it  survived  through  the  more  favourable  conditions  while 
it  became  extinct  on  the  continent ;  or,  a  few  individuals 
of  a  dominant  species  reached  the  island,  where,  owing  to 
the  absence  of  competition^  they  mpidly  incroiised  till  the 
island  became  fu!ly  stocked  with  the  unchanged  species. 
Then  (and  then  only)  survival  of  the  fittest  would  begin 
to  act,  and  the  differences  of  food  and  climate,  with  the 
different  kinds  of  enemies,  would  render  some  modifica- 
tions of  structure,  form,  or  colour  advantageous,  and  thus 
a  new  spt^ciL'S  would  be  formed  by  adaptation  fruni  the 
old  one  m  almost  exactly  the  same  way  as  on  the  con- 
tinent. In  both  these  cases  recognition -characters,  to  aid 
in  the  prevention  of  intercrossing,  would  be  developed  by 
natural  selection.  But  if  insular  species  have  usually 
been  formed  by  a  few  individuals  somewhat  different  from 
the  t^-^ie  having  first  reached  the  island  and  thereafter 
preservefl  their  j>eculiarities — as  allegerl  by  Romanes  and 
others — there  is  no  reason  why  any  distinctive  and  stable 
form  of  coloration  or  marking  should  have  been  developed, 
since  there  would  be  no  similar  species  from  which  it 
*  Iktri&mimn,  pp.  174-180. 
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would  need  to  be  differentiated.  Neither  is  the  small 
amount  of  divergence  that  usually  prevails  between  the 
mean  of  a  few  individuab  taken  at  random,  such  as  might 
have  accidentally  reached  an  island,  and  the  average  type 
of  the  species,  at  all  comparable  with  the  well-marked 
characters  that  usually  distinguish  insular  forms,  and 
there  is  nothing  in  mere  isolation  without  selection  which 
can  incre^Lse  the  difference.  As  examples  we  may  refer  to 
the  many  peculiar  species  of  butterflies  and  birds  found 
in  the  various  islnnds  of  the  West  Indian  and  Malayan 
ArchiiTelagoes,  which  are  quite  as  distinct  fn>m  each  other 
as  are  allied  continental  species,  and  which  exhibit  all  the 
characteristics  of  species  which  have  been  fully  differ- 
entiated by  natural  selection,* 

*  As^  this  point  is  atiU  continually  misitttflerBtood  by  wHtefB  of 
considerable  ability,  it  will  V>e  well  to  give  here  the  aijli«t'(ti>ce  fif 
a  reply  I  have  niade  to  Ihcir  objeutioiia  in  AUUurt:  uf  Jtinmirv  Vlth^ 
1890. 

The  t&ie  Dr.  St.  George  Mivart  {in  the  Jonm.  LintL  Sf/e.  Z*io(o*j^, 
No.  172t)  give»  nunieroAiJi  c»fcaes  of  suecies  of  Lonvs  pt.'eulitMr  to  vi^rions 
I^apuan  or  PaclWe  Itikmk,  wMch  differ  in  aonve  flt^taik  of  colorMion 
from  the  nearest  allied  epeciiss  in  other  islands.  He  eirgiies,  as  Captain 
Hutton  hatl  previoudy  ar^iied  in  the  exactly  parallel  ca«e  of  the  truit- 
pigeoiiE^  of  the  uenn»  PtilopyB,  that  theae  varioua  speclBe  markingB 
cannot  be  use  fid  us  **  recognition -marks "  because  the  oolonr  and 
marking  of  eaeh  of  the^e  genera  is  so  very  dij^tinct  from  tho^e  of  all  other 
birds  inhabiting  the  same  inland,  there  being  usually  only  one  speciei 
of  a  genus  in  each  island.  This  concluniou  ia,  however,  not  Justified 
by  the  whole  CLrcnmstancei!  of  the  case,  nor  by  the  fundamental 
principle  of  organic  evohitiou  (which  Ixjth  theae  writers  admit) — thai 
each  flpecies  has  actually  been  developed  from  some  allied  upecies, 
living  or  extinct.  Lei  us  consider  therefore  what  are  the  actual 
conditions  of  the  problem.  It  is  clear  that  each  species  of  Lory 
or  Fruit' pigeon  now  found  iaolatcd  inany  of  the  inland »  myjui  (if  evolution 
Ije  admLtled)  have  originated  by  nioiiitication  from  some  parent  species 
The  modificatioii  nniiit  have  occur reil  in  oue  or  other  of  the  modes 
stigges&ed  in  the  test^  and  the  only  mode  that  implies  any  Fpeeial 
dimenlty  IB  when  the  species  originated  in  the  ii^land  wliete  it  Ib 
now  found  by  the  modification  of  some  other  speeies  which  accidentally 
reached  I  he  island*  Let  us  therefore  follow  the  prt»ces8  of  change 
stejLj  by  step* 

The  lintt  thing  that  happena  on  the  introduction  of  a  few  tnt]ividualt 
of  a  speeiefi  new  to  an  i aland  which  ia  well  suited  to  it,  and  where 
there  are  no  other  enemies  than  those  to  w^bich  it  is  already  atlapted, 
is  its  rapid  increase  in  nnmberH  till  the  island  la  fully  stocked.  That 
this  happens  we  know  from  tiie  tti crease  of  the  rabbit  in  Austrah'a, 
New  Zealand,  and  For  to  Santo,  the  sparrow  in  the  L^nited  Slates, 
and  nnmcroua  other  cases.     But  m  toon  a^  the  island  is  fuUy  stocksd 
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CharaderisH€s  of  Species  due  to  Natural  Selection, 

The  sketch  now  given  of  the  usual  mode  of  formation 

of  new  species  under  natuml  selection,  leads  to  the  con- 
clusion that  every  sfiecies  (of  the  higher  animals  at  all 
events)  will  usually  jxissess  at  least  three  peculiarities:  in 
the  first  place,  it  must  exhibit  some  difference  of  structure 
or  function  adapting  it  to  new  conditions  ;  secondly,  some 
distinction  of  colour,  form,  or  peculiar  ornament  serving 
a.s  distinctive  recognition  marks  ;  and,  thirdly,  the  physiolo- 
gical peculiarity  of  some  amount  of  irifeitility  when  crossed 
with  allied  species.  The  fii'st  two  constitute  it-a  "  specific 
characters/'  But  if  we  consider  that  every  species  in  the 
long  line  of  it^  ancestrj"  must  have  had  similar,  but  some- 
what different  specific  characters,  adapting  it  to  the 
peculiar  conditions  of  its  environment  and  distiuguishing 
it  from  its  nearest  allies ;  that  some  of  these  characters, 
when  generally  useful,  have  persisted,  and  now  constitute 
generic  or  family  characters ;  that  others  have  been  again 
and  again  modified  so  as  to  adapt  them  to  new  and 
sometimes  quite  different  conditions ;  and  that  others 
again,  becoming  useless,  persist  when  quite  harmless  or 

a  number  equal  to  the  annual  iticreafie  must  die  o^  every  ye&T\  and 
tli^se  wiU  im^vitahly  be,  tm  tbe  whole,  ttioae  wbieh  ate  least 
^tteii  to  the  new  condjlioiis,  whether  aa  young  or  adult,  Atkd  thtie 
nutui^il  Kekiitioii  begina  to  act  hi  the  production  of  a  new  furm 
suited  to  the  new  conditions^  If  the  cotiditiona  are  identieal  with 
those  of  the  former  home  of  the  wpecies  there  will  Ite  no  change  ; 
bnt  if  there  are  difierencMi^s  of  eonditionSf  either  cltmatal,  or  in  food 
supply  J  or  organic^  as  will  in  moat  cases  tie  sure  to  ejcbt^  theo  there 
will  &et  in  a  gradual  adaptation  to  these  new  eonditions.  Here  arises 
the  circumAtance  that  jny  criticE^  have  overlogked,  that  a  modification 
of  one  spectes  into  another  must  have  ooenrred  in  every  ease,  and 
dunng  that  modification  the  need  for  nome  *' recognition  marks '^  to 
aid  in  cheeking  the  intercroasing  of  the  Incipient  new  apeeiea  with 
the  parent  form  will  be  of  the  first  importance*  All  variations  in 
colour  or  marking  will  be  selected  for  this  purpooe,  and  thus  wiU 
l>e  produced  those  external  specifio  characters  which  are  an  marked 
A  characteristic  of  theae  insular  forms,  Wht?n  the  change  has  been 
completed  and  the  parent  form  lias)  died  out,  these  snecial  and 
oharaeteriRttc  markings  or  coloration  will  appear  to  us  to  1>e  useleaa. 
But  they  were  esseTitial  to  the  ilcv-elopment  of  the  new  Bpeciea,  and 
having  become  tlxetl  by  long  c^mtinued  selection  tbey  now  remain  as 
a  cot^tATit  B|>ecific  character. 
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reraain  in  a  more  or  less  unstable  or  rudimentary  con- 
dition ;  and  when  we  further  consider  that  many  genera 
and  families  extend  far  back  into  geological  tmie  and 
must  have  originated  in  the  midst  of  a  physical  and 
biological  environment  very  diflFerent  from  that  which  now 

i>revaila,  we  shali  dimly  undei'i:5tand  how  complex  are  the 
brces  and  processes  which  have  led  to  the  assemblage  of 
characters  now  presented  by  each  organ  ism,  and  how 
difficult  it  must  Ibe  to  deterniine  positively  that  any  one 
of  these  characters  is  not,  nar  tvtr  has  hetn^  use  All  to  its 
possessor.  Yet  this  is  what  is  done  by  those  writers  who 
maintain,  as  did  the  late  Mn  Romanes,  that  the  majoritv 
of  specific  charactGrs  are  not  and  never  have  been  useful, 
but  have  arisen  through  definite  variation  under  the 
influence  of  definite  causes,  and,  when  neither  useful  nor 
hurtful,  persist  and  constitute  the  main  extt^rnal  diifer- 
ences  which  we  observe  between  species  and  species. 
This  theory,  which,  although  to  some  extent  held  by 
Darwitk  himself,  I  consider  to  be  wholly  erroneous,  we  will 
now  proceed  to  disciiss. 

It  may  be  well  first  to  dispose  of  a  point,  made  much 
of  by  Mr*  Romanes,  that  I  do  not  urge  utility  as  a  charac* 
teristic  either  of  varieties  or  of  genera  and  higher  groups, 
and  that  it  is  therefore  illogical  to  claim  it  for  species^ 
But  this  is  a  misapprehension,  since  I  do  claim  that 
when  varieties  arc  constant,  are  hereditary,  and  occupy  a 
definite  area,  and  are  therefore  what  Darwin  termed 
"  incipient  species,"  the  characteristics  which  distinguish 
them  from  the  parent  species  are,  to  some  extent,  adaptive 
and  useful,  and  will  become  fully  so  when  the  variety 
becomes  a  fullj^  diff*erentiated  species.  And  as  to  genera 
and  families,  it  is  obvious  that  every  one  of  their  dis- 
tinguishing characters  was  once  a  specific  character j  since 
genera  are  merely  groups  of  species,  all  of  which  were 
derived  from  one  parent  species,  and  which  have  become 
more  or  less  isolated  by  the  extinction  of  intermediate 
forms.  Families  are,  in  the  same  way,  derived  from  a 
single  genus  and  ultimately  from  a  single  species,  and  the 
same  reasoning  applies  to  them.  The  reason  why  mj 
argument  on  this  qnestioix  Vaa  Wexi  Ivvnited  to  species  is, 
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because  the  whole  problem  is  included  in  that  of  species ; 

it  is  in  them  that  the  process  and  laws  of  development 
can  be  best  studied  free  from  many  of  those  complexities 
of  modificiition  and  survival  of  disused  and  partially 
aborted  |>arts  and  organs  which  often  constitute  generic 
or  family  characters.  If  every  one  of  the  new  characters 
or  new  combinations  of  characters  which  arise  when  a 
new  species  bccome-s  differeu tinted  from  its  pirent-forni, — ^ 
if  every  one  of  these  m  adaptive  and  utilitarian,  then  no 
higher  groups  can  possess  characters  other  than  those 
which  were  once  adaptive,  since  genera  and  families  can 
never  acquire  new  characters  except  through  every  one 
of  their  component  s|>eciee  acquiring  those  characters. 
The  problem  as  exhibited  in  sj}ccie8  inchides  therefore 
the  problem  in  all  higher  groups. 

Characters  fixed  hy  Natural  Selection  mimt  Im  Use/uL 


I  have  already  set  forth  in  some  detail  the  argument 
for  utility  founded  on  the  fact  of  the  continuous  progress 
of  the  discovery  of  utilities  with  the  continuous  growth 
of  our  knowledge  of  the  life- histories  and  inter-relations 
of  plants  and  animals.^  I  will  therefore  now  devote  more 
special  attention  to  the  fundamental  argument,  that 
whereas  every  modification  of  a  sj:»ecies  which  arises 
under  the  influence  of  natural  selection  must,  fi'om  the 
very  nature  of  its  origin,  be  useful  to  the  new  form,  no 
other  agency  has  been  shown  to  exist  capable  of  pro- 
ducing non- utilitarian  characters  m  tmn/  indivulmU  am- 
dU'uiing  a  species,  7ieilher  more  nnr  kss.  Now  the  general 
cause  which  is  adduced  as  being  able  to  do  this  is  stated 
by  Darwin  in  the  following  passages,  which  are  quoted  by 
Mr  Romanes  as  expi-essing  his  own  views: — 

*'  There  must  be  some  efficient  cause  fi)r  each  slight 
individual  diriV^rence,  as  well  as  for  more  strongly  marked 
variations  which  occasionally  arise ;  and  if  the  unknown 
cause  were  to  act  persistently,  it  is  almost  certain  that  ftU 
the  individuals  of  the  species  would  be  similarly  modified  " 

Cf  Specks,  p.  171). 
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Again,  after  referring  to  cleistogamic  flowers  and  de- 
graded parasitic  animals,  he  says  :— 

"  We  are  ignorant  of  the  exciting  cause  of  the  above 
specified  modifications;  but  if  the  unknoim  cause  were 
to  act  almost  uniformly  for  a  length  of  time,  we  may  infer 
that  the  result  would  be  almast  uniform  ;  and  in  this  c^se 
all  the  individuals  of  the  species  would  be  modified  in  the 
same  uianner  "  {Origin,  p.  175)} 

Now  these  passages,  merely  as  stating  a  possibility  or  a 
probability,  appear  to  me  to  be  wauting  both  as  regards 
logic  and  in  the  absence  of  any  appeal  to  the  actual  facts 
of  variation.  For  the  argument  is,  briefly,  that  the  same 
causes  will  always  pi-oduce  the  aarue  or  closely  similar 
results.  But  this  is  only  true  when  the  same  causes  act 
upon  identical  viakrUth  and  njider  identical  c^ndUions, 
Now  the  vetT  foundation  of  the  Darwinian  theory  is,  that 
the  materials^ the  individuals  of  a  specie*? — are  n^t 
identical,  but  that  they  vary  indefiniteiy  and  in  many 
directions  even  under  closely  similar  conditions.  How 
then  can  any  external  or  internal  causes  produce  an 
identical  result — a  definite  new  ^'^ariation — in  all  the  in- 
dividuals of  a  species,  born  as  they  are  of  varying  parents^ 
of  different  ages,  and  subject  to  ever  fluctuating  con- 
ditions ?  It  seems  to  me,  therefore,  that  the  a  priori 
probabilities  are  al!  against  Darwin  s  supposition. 

Now  let  us  see  ht*w  lar  the  Jltds  of  variation  give  any 
support  to  thu  theory  of  ais(.^k'ss  specific  chamcters.  If 
there  is  one  thing  better  establisher  1  than  another  it  is  that 
the  individual  variations  which  are  constantly  occurring 
in  all  common  species  are  indefinite  in  their  character 
and  very  unequal  in  their  amount.  Some  species  are 
much  more  variable  than  others^  and  Darwin  has  shown 
reasons  for  believing  that  any  change  of  conditions  induces 
varmhilily^  but  not  that  it  causes  definite  variaHom, 
The  two  things  are  radically  distinct.  So  far  as  I  am 
aware,  no  evidence  has  been  mlduced  of  any  special  eon- 

*  In  my  Ihtrtrtnififft,  p.  14K  I  have  sUiU»il  Hiy  rfipmion  tlifit  llarwm 
iUtl  not  ijfliovtj  u*  the  fiiTKlnc!ti«»ii  of  tij^^kess  cluirttctera  in  ali  the 
itHlhirlniilH  oF  u  ttpccien.  I  liarl  iivei-lftukc^l  tho  pasfia^e^  ij  noted  liy 
Mr.  Eoiiimieti  mi<l  ^iven  hIjovu,  whidi  certamly  Hhow  that  he  tU<l 
heiwve  it* 
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ditions  which  ha?6  produced  a  definite  variation  in  the 
whole  otFspring  of  all  the  individuals  subjected  to  it.  But 
it  nmst  do  more  than  thiy.  For  it  must  protiuce  a 
variation  so  exceptionally  stable  that  it  constantly  recurs 
in  al!  the  otfspring  of  successive  generations,  even  though 
those  offj^pring  are  subjected  to  considemble  change  of 
conditions,  as  are  the  individuals  of  all  species  except  the 
rarest  or  the  most  local.  Only  with  such  constancy  and 
stability  of  inheritance  could  a  useless  character  become 
fixed  in  every  individual  of  a  species^  which  it  must  be  to 
be  a  "  specific  "  character.  It  must,  therefore,  from  the  very 
first  have  been  invariable.  But  this  feature  of  in* 
variability  without  selection  has  not  been  found  to 
characterize  any  variation,  whether  occuiTing  among  wild 
or  domesticated  organisms*  Huch  an  occurrence  would 
necessarily  have  forced  itself  upon  the  attention  of 
breeders  and  horticulturists.  For  if  the  theory  is  true 
that  the  majority  of  specific  characters  are  of  this  useless 
kindi  their  occurrence  as  permanent  and  unchangeable 
variations  must  be  a  common  phenomenon,  and  we  ought 
to  find  that  foreign  plants  when  first  cultivated  very  often 
present  new  chamct^rs,  not  sporadically  but  appearing  in 
every  individual,  antl  which  cannot  be  got  nd  of,  since 
they  do  not  vary,  and  selection  would  therefore  be  power* 
less  to  eliminate  them.  Has  any  iudication  of  a  phe* 
noraenon  of  this  kind  ever  been  noted  ? 


I 


Causes  Alkged  to  Pj'odme  Uscle^  ^eci/c  Characters, 


Let  us  come  now  to  the  actual  causes  said  to  produce 

useless  specific  characters.  According  to  Mr.  Romanes 
they  are  five  in  number*  Climate,  Food, Sexual  Selection, 
Isolation,  antl  Liiws  of  Growth.  Let  us  consider  how 
these  are  known  to  act  or  are  alleged  to  act  Climate 
and  Food  undoubtedly  produce  modification  in  the 
individual,  but  it  haa  not  yet  been  proved  that  these 
modifications  are  hereditary.  If  this  could  be  proved  the 
whole  discussion  on  the  heredity  of  acquired  chamcters 
would  be  settled  in  the  affirmative.  The  supposed  proof 
that  these  causes    produce    definite  changes  which   are 


^m 


STUDIES,  SCIENTIFIC  i^D  SOCIAL 


hereditary  is  derived  from  the  fact  that  ther^  is  often  & 
simultaneous  change  in  the  colours  of  Diany  animals,  or  in 
the  form  or  texture  of  the  foliage  of  many  plants,  m 
different  parts  of  the  area  they  occupy  which  aa^ 
chai^acterized  by  differences  of  climate.  But  in  every  c^se 
these  changes  can  be  interpreted  as  adaptations  for 
protection  in  the  case  of  the  animals,  and  as  either 
adaptations  or  individual  n  on -hereditary  modificatioBs  in 
the  case  of  the  plants,  The  firm  belief  that  such 
individual  characters  were  usually,  if  not  always,  in- 
herited, led  to  some  looseness  in  Darwin  s  reasoning  on 
this  point,  and  still  more  so  in  that  of  most  modem 
upholders  of  the  theory. 

The  next  alleg^  cause,  Sexual  Selection,  whether  we 
limit  it,  as  I  do,  to  the  struggles  of  the  males,  leading  to 
the  development  of  weapons  and  defensive  armour,  or  with 
Darwin  extend  it  to  the  choice  by  the  females  of  the  nuire 
ornamentiil  males,  thus  leading  to  the  development  of 
decorative  plumes,  &c.,  is  really  a  form  of  natural  selection, 
and  sexual  chamctei's  are  therefore  useful  characters.  It 
is  true  that,  from  my  point  of  view,  male  distinctive 
colour  and  ornament  have  not  this  particular  use ;  and 
Mr,  Romanes  makes  a  good  point  against  me  when  he  says 
that  in  imputing  their  origin  and  development  to  the 
surlpus  vitality  and  energy  of  the  male  I  give  away  my 
ease,  since  1  admit  that  useless  specific  character  may  be 
developed  independently  of  natural  selection.  This  is 
owing  to  my  having  omitted  to  lay  special  stress  on  the 
^pecijit:  part  of  each  ornament  being  really  a  '*  recognition 
marie,"  and  therefore  essential  both  to  the  first  production 
and  subsequent  well-being  of  every  species.  In  the  sum- 
mary of  my  argument  {I/arwimsmt  p,  298)  I  have 
adduced  the  need  of  recognition  as  the  cause  of  specilic 
specialisation  of  colour,  but  in  the  body  of  my  discussion 
BB  to  sexual  ornaments  I  have  not  referred  ti>  it,  and  this 
omission  greatly  weakens  my  argument,  I  should  have 
said  that  the  accessory  plumes  and  other  ornaments 
trriginaie  at  points  of  great  nervous  and  muscular  excita- 
tion* and  are  dcvvhptd  through  surplus  energy ;  and  that 
from  their  first  appearance,  they  were  utilized  fur  purposes 
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of  recognition,  which  explains  both  their  compamtive 
stability  in  each  species  and  their  dLstinctnesa  in  alli^ 
forms,  ^ 

The  next  alleged  cause.  Isolation,  I  do  not  admit  to  be 
a  vera  causa  at  all,  for  reasons  already  given*  It  is,  at 
most,  an  aid  to  the  differentiation  of  new  specie  by 
natural  selection. 

The  last  alleged  cause,  the  Laws  of  Growth,  can  never, 
of  itself,  account  for  speajic  characters,  but  only  for  those 
g  true  turn  I  and  histological  peculiarities  of  organisms 
which  characterise  the  higher  groups  such  as  classes  and 
Bometimes  perhaps  orders  and  families;  and  even  these 
must  always,  when  they  first  originated,  have  had  a 
utilitarian  character,  since  it  is  almost  impossible  to 
conceive  that  the  details  of  structure  of  the  various  tissues 
or  organs  produced  under  the  action  of  these  laws  wen* 
absolutely  indifterent  to  the  well-being  of  the  organism. 

If,  then,  we  admit,  as  I  do  admit,  that  certain  growths 
appendages,  or  markings,  which  are  of  no  use  to  the 
organism,  do  occ^isionally  appear,  no  agency  has  been  ad- 
duced which  oouid,  first,  cause  these  useless  characters  to 
appear  in  every  individual  of  a  species,  and  then  totally 
cease  to  appear  whenever  any  portion  of  this  species  is 
selected  and  slightly  modified  so  as  to  occupy  a  new 
place  in  nature  or  to  save  itself  from  extinction  by  some 
new  enemy.  Whenever  useless  chamctera  are  said  to  be 
'*  specific,"  it  seems  to  be  forgotten  that  one  species  has 
always  passed  continuously  into  another  by  a  process  of 
normal  individual  valuation  and  survival  of  the  fittest. 
There  is  no  chastu  in  such  a  process,  no  sudden  transition 

^  BtQce  tlil«  clmpUir  was  written  I  Imve  cjirrfjfuUy  studifHi  Pr«»fcaaor 
Wei«maiin'B  new  theory  of  "  llvniiinal  tSeleutiof],"  which  leema  to 
me  to  have  g,  high  tU^gree  of  probability,  and  whicbj  U  true,  en&blea 
tiB  to  explain  two  phenoitieita  which  h&ve  not  hitherto  been  falljr 
e^tpli cable.  These  ivt'e  (1)  the  oomplete  or  fthiioiit  complete  dUappear- 
unce  of  niAiiy  characters  which  tmve  beconie  uselesa  ;  iLud  {2)  tJie 
ilevtslopment  of  gecotidary  tseximl  ehflracters  far  beyond  the  poitit  of 
utility  B6  recognillon-itmikB,  tintl,  apparently,  np  to  the  extreme 
point  of  jnuipient  burtfubieaj**  It  thus  tuniiabua  the  one  link  neoesB&ry 
in  the  chain  of  argiunent  proving  that  these  ttecondary  sexual  eliaraetera 
are  explicable  without  culling  iu  the  very  problematical  agency  of 
female  choice. 
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from  one  creature  to  another  of  a  different  nature.  The 
transition  h  by  a  purely  normal  and  ahnoat  imperceptible 
process  of  adaptation  to  new  conditions,  and  in  itself 
furnishes  no  reason  whatever  why  any  useless  character,  if 
it  had  constantly  re^ippeared  in  the  countless  millions  of 
individuals  during  all  the  millions  of  generations  of  the 
duration  of  the  species,  should  at  once  disappear,  or  be 
replaced  by  some  new  character  equally  universal,  equally 
invariable,  and  equally  useless, 

I  strongly  urge,  therefore,  that  the  general  causes 
suggested  by  Darwin  as  possibly  leading  to  the  production 
of  useless  specific  characters,  as  well  as  the  more  special 
<muses  enumerated  by  Mr.  Romanes,  do  not  apply  to  the 
actual  facts  of  variation  and  heredity  so  far  as  they  are 
yet  known  to  us  ;  and  further,  that  no  attempt  has  been 
made  to  show,  even  hyp:jthetically,  how,  through  the  action 
of  known  causes,  such  characters,  when  they  do  arise,  can 
become,  first,  extended  to  every  individual  of  a  species, 
and  then  be  totally  obliterated  as  regards  any  portion  of 
the  species  which  may  become  modified  so  as  to  constitute 
a  new  speciejs.  Useful  characters  thus  strictly  limited  are 
the  necessary  and  logical  results  of  uiodiiication  through 
survival  of  the  fittest.  No  agency  has  been  shown  to  exist 
capable  of  producing  useless  characters  similarly  limited. 
And  as  it  is  beyond  the  powers  of  human  reason  to  know 
absolutely  that  any  characters  so  limited  as  to  be  really 
specific  ai"e  and  always  have  been  useless,  it  is  both  un- 
scientific and  illogical  to  postulate  such  characters  as 
being  present  in  all  or  many  species,  and  therefore  as 
constituting  an  essential  characteristic  feature  of  specific 
forms. 

The  preceding  discussion  may,  I  hope,  be  considered 
suflScient  to  show  that  useless  specific  characters,  if  they 
exist,  can  only  be  the  result  of  some  compamtively  rare 
and  exceptional  conditions,  and  that  they  certainly  are 
not,  as  has  been  alleged,  a  general  characteristic  of  species ; 
but  it  may  be  as  well  to  notice  a  few  of  the  special  cases 
which  have  been  adduced  by  Mr  llomancs  and  others  as 
examples  of  their  existence  or  as  illustrating  their 
formation. 
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Special  Cases  IMsamed, 

The  Niata  cattle  of  South  Atneiica,  which  have  stmngely 
upturned  jaws,  are  said  to  breed  very  true  and  to  form  a 
definite  well-marked  race  which,  if  the  character  were  ntit 
iDJurious  but  simply  indifferent,  might  lead  to  the 
formation  of  a  species  defined  by  this  useless  specific 
character.  The  short- 1  egged  A  neon  sheep,  and  the  six- 
toed  cats,  are  other  examples  of  such  remarkable  ab- 
normalities or  sports  which  have  the  curious  property  of 
being  strongly  hereditary,  and  yet,  apparently,  of  never 
leading  to  the  formation  of  new  species.  Almost  all 
students  of  evolution  now  admit  that  '*  sports  '*  or  large 
and  sudden  divergencies  from  the  specific  type  are  not  the 
materials  from  which  new  species  nave  been  fonned,  the 
reason  being  that  they  are  extremely  rare  occurrences ; 
and  when  any  such  '*siport*'  appeared  in  a  sj-iecies,  the 
individual  presenting  it  would  either  be  avoided  by  its 
fellows  and  leave  no  offspring,  or  by  repeated  crossings 
with  the  nonnal  type  the  sport  would  disappear.  We 
may,  no  doubt,  imagine  conditions  under  which  a  sport  of 
this  kind,  once  appearing  in  both  sexes,  might  lead  to  the 
formation  of  a  breed  and  ultimately  of  a  species  ;  but  the 
combination  of  conditions  requisite  to  bring  this  about  is 
so  improbable  that  we  am  only  look  upon  it  as  a  bare 
possibility.  But  the  question  we  are  discussing  is  not 
whether,  under  certain  very  rare  and  exceptional  conditions » 
a  few  species  may  possibly  be  fonned  which  are  dis- 
tinguished only  by  altogether  useless  characters*  but 
whether  such  charactei-s  are  common  in  the  majority  of 
species  and,  to  use  Mr,  Romanes'  words,  exist  in 
'*  enormous  numbers,"  The  ctise  of  abnormal  sports  or 
monstrosities  such  as  those  here  referred  to  can  certainly 
not  be  adduced  as  giving  any  support  to  this  view. 

The  next  case,  that  of  the  Porto  Santo  rabbits,  is  held 
by  Mr.  Koraanes  to  prove  that  the  constant  characters 
which  distinguished  them  from  common  nibbits  were  only 
results  of  the  action  of  peculiar  conditions  on  individuals^ 
ad  were  not  produced  by  natural  selection.     He  arrives 
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at  thiB  Gouclusion  from  the  fact  that  one  of  the  two  whicli 
died  at  the  Zixjlogicml  Gardens  after  four  years*  captivity 
was  sent  to  Darwin,  who  tbuud  that  the  special  colouring 
that  distinguished  the  breed— the  absctice  of  black  on 
the  tail  and  ear- tips  and  the  reddish  colour  on  the  back- 
had  almost  disiippeared,  and  that  the  whole  colourinff 
was  very  little  different  from  that  of  the  common  wild 
rabbit  Hence  Mr,  Romanes  concludes  that  other  wild 
species  may  be  really  only  climatal  forms,  and  their 
peculiar  characters  be  non-adaptive.  But  no  mention  k 
made  of  the  remarkably  small  size  of  these  rabbits,  which 
were  only  about  half  the  weight  of  the  common  wild 
species  and  which  looked  no  larger  than  average  rata  If 
this  also  were  a  result  uf  the  action  on  the  individuak  of 
scanty  food  or  a  peculiar  climate,  it  would  have  rapidly 
disappeared  with  ample  food  at  the  Zoological  Gardens ; 
and  neither  in  this  point  nor  in  the  peculiar  form  of  the 
posterior  end  of  the  skull  and  interparietal  bone,  which 
was  so  distinct  that  Darwin  figured  it  (see  Animals  and 
J[^hfUi  under  DommtimUaii,  i.  p.  118),  did  he  note  any 
difference  in  the  dead  animal.  It  seems  probable,  there- 
fore,  that  the  colour-peculiarities  of  the  Forto  Santo 
rabbits  were  due  to  a  change  of  tint  of  the  longer  hairs 
which  may  have  been  lost  during  the  ilhiess  which  led  to 
the  aniniars  death.  And  as  wo  have  no  information  as  to 
the  supposed  change  having  been  progressive  during  the 
four  years  of  confinement^  or  that  it  affected  the  second 
specimen,  no  such  conclusion  as  that  drawn  by  Mr.  Romanes 
can  be  held  to  be  established.  But,  strange  to  say,  Mr. 
Bomanes  did  not  notice  that  his  own  intei^retation  of 
this  case  is  directly  opposed  to  the  theory  of  the  heredity 
of  acquired  charjicten*  which  he  was  disposed  to  favour. 
For  these  rabbits  had  lived  in  Porto  >Santo  under  identical 
conditions  for  at  least  470  years,  that  is,  tor  at  least  470 

fenerationa  And  yet  the  acquired  characters  had  not 
ecome  fixed  in  all  these  years;  but*  when  subjected  to 
new  conditions,  the  very  individuals  brought  from  Porto 
Santo  changed  back,  according  to  Mr.  Romanes,  to  the 
original  type  of  the  common  wild  rabbit.  If  this  were 
so,  surely  there  never  was,  or  hardly  can  ever  be,  a  more 
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nclusive  proof  of  the  non-hereditj  of  acquired  char- 
aeters.  He  declared  that  this  case  "  definitely  and  con- 
clusively" overturns  the  asBumption  of  natural  selection 
having  acted  in  thia  case,  but  he  omitted  to  state  that  it 
also  (if  his  interpretation  is  correct)  definitely  and  con- 
clusively overturns  the  assumption  of  the  heredity  of 
acquired  characters,  which  in  the  same  volume  he  has 
elaborately  discussed. 

The  only  other  case  of  nmch  importance  is  that  of 
changes  of  colour  said  to  be  directly  caused  by  changes  of 
climate,  and  especially  by  darkness  in  cave-animals.  In 
this  latter  case  it  is  declared  by  Mr*  Romanes  that  the 
loss  of  colour  cannot  be  of  any  use  and  cannot  have  been 
caused  by  natural  selection.  It  is,  therefore,  an  example 
of  a  useless  character  occurring  in  all  the  individuals  of 
many  unconnected  species.  In  the  case  of  the  Proteus 
however,  it  is  stated  that  v^hen  subjected  to  the  action  of 
light  ill  confinement,  the  skin  becomes  dark,  showing  that 
the  character  is  in  some  degree  an  individual  one,  due 
probably  to  deficiency  of  nutrition  or,  partially,  to  the  need 
of  light  for  the  secretion  of  the  pigment  The  whiteness 
is  here  not  a  specific  character.  And  if,  in  other  cases^ 
it  is  permanent  and  specific,  it  may  have  had  a  very  obvious 
tise  in  the  early  stages  of  the  modification  of  a  cave- fauna. 
For  if  any  animals  were  isolated  in  caverns  which  were 
not  totally  dark,  the  light  tints  would  be  important  as 
recognition  marbs,  enabling  the  sexes  to  find  each  other ; 
and  when,  at  a  later  period,  the  species  spread  into  the 
parts  which  were  totally  dark,  there  would  be  no  cause 
leading  to  a  return  of  the  positive  colour,  especially  as  all 
<»ve -animals  subjected  to  total  darkness  must  at  first 
have  been  in  great  danger  of  extinction  from  deficiency  of 
food,  and  there  would  thus  be  no  surplus  nourishment 
available  for  the  production  of  pigments. 

Several  biological  friends  with  whom  I  have  discussed 
this  question*  while  agreeing  that  the  majority  of  specific 
characters  are  useful,  have  suggested  that  useless  char- 
acters may  have  been  produced  in  some  such  manner  as 
the   following.     If  some   useless  character  appears  as  a 
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variation  in  some  individuals  of  exceptional  vigour,  it  may 
increaae  bj  interbreeding,  and  its  repeated  production 
being  perhaps  favoured  by  same  local  conditions,  it  tnny 
come  to  foru]  a  marked  local  variety.  Now,  if  the  conditionjs 
become  unfavoumble  to  the  species  in  the  area  occupied 
by  the  type,  this  may  in  coui'se  of  time  become  extinct, 
and  the  variety  distinguished  by  the  altogether  useless 
character  will  remain  as  the  only  representative  of  the 
species.  It  may  be  admitted  that  such  a  mode  of  origin 
of  a  non-utilitarian  specific  chamcter  is  conceivable,  but 
whether  it  ever  actually  occurs  in  nature  may  be  doubted ; 
w^hile  if  it  does  occur,  it  must  be  owing  to  so  rare  a  com* 
bination  of  circumstances  that  it  can  produce  no  such 
general  prevalence  of  useless  specific  characters  as  is 
claimed  by  the  advocates  of  that  theory,^ 

In  order  to  ascertain  whether  the  immediate  antecedent 
to  such  a  mode  of  species-formation  ajs  is  suggested  is  at 
all  common,  and  thinking  that  British  Huwering  plants 
offer  the  best  materials  for  its  detection,  I  put  the  case  to 
two  experienced  British  botanists  ns  follows: — Are  there 
any  examples  within  your  knowledge  of  well-marked 
varieties  (not  mere  individual  states  due  to  local  conditions) 
which  occupy  a  considerable  area  to  the  exehision  of  the 
parent  sp*ft;ies, and  which  do  nr>t  occupy  any  area,  or  only 
a  very  small  one,  with  the  type  ?  Each  of  them  suggested 
several  species  which  seemed  to  answer  to  the  conditions, 
but  on  fiirther  consideration  it  appeared  that  they  did  not 
do  soj  and  we  were  finally  reduced  to  a  single  case,  that 
of  one  of  the  species  of  Rubus,  a  genus  which  most 
botanists  will  regard  as  a  very  unsafe  one  to  draw  any 
conclusions  from.  Eubit^  raduia,  Weihe,  is  said  to  be 
abundant  in  the  Midland  jmrts  of  England,  but  in  the 
Southern  and  South-western  counties  to  be  replaced  by 
the  variety  anfflicanus  of  W.  M.  Rogers,  the  type  never 
having  been  found  in  the  area  occupied  by  this  variety. 
If  this  is  the  case,  and  the  two  forms,  said  to  be  easily 
recognizable,  really   occupy   distinct  areas   and    nowhere 

*  If,  bowevef,  the  variation  la  preserved  Irecause  it  ooctira  id 
eiEOdptioimny  vigorotif  indivtdufttA^  it  is  correkted  with  a  character 
wMcB  ifi  uftef  uL 
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overlap,  or  very  slightly  so,  then  we  have  the  condition  pre- 
cedent to  the  formation  of  a  species  by  the  extinction  of 
the  type,  thus  leaving  the  variety  to  represent  the  species. 
Of  course  in  this  case  we  do  not  know  that  the  characters 
which  distinguish  the  variety  are  useless ;  but  if  they  ai^ 
ao»  and  if  the  variety  should  possess  some  superior  vigour 
of  constitution  or  other  useful  peculiarity  which  enables 
it  to  survive  when  the  type  dies  out,  we  should  have  an 
illustration  of  one  m^xle  in  which  useless  specific  characters 
may  possibly  have  arisen. 

The  inquiry  is  interesting,  however,  because  it  brings 
to  light  the  rather  unexpected  fact,  that  fixed  varieties  of 
plants  occupying  considemble  areas  to  the  exclusion  of 
the  type  are  not  common,  and,  j>erhaps,  in  our  island  do 
nob  exist.  And  should  they  be  fouud  to  occur  more 
frequently  in  other  countries — as  varieties  of  binls, 
mammals,  and  reptiles  do  occur  in  separate  are«as  in  North 
America  they  may  be  usuallj  explained  as  adaptations 
to  very  different  climatic  conditions »  in  which  case  the 
distinguishing  charactei^  will  be  utilitarian,  and  the  local 
varieties  will  be  really  incipient  species. 


O&ndusions  from  tks  Inquiry. 


I  The  preceding  inquiry  lemls  us  to  certain  very  definite 
conclusions.  In  the  iirst  place,  we  see  that  i^perks,  which 
have  been  differentiated  as  such  by  the  law«  of  variation 
and  survival  of  the  fittest,  must  be  characterized  by 
certain  peculiarities  whereby  they  have  obtained  an 
advantage  in  the  struggle  with  their  fellows.  These 
peculiarities  constitute  their  **  specific  chamcbers/'  and 
these  must  be  useful.  As  this  applies  also  to  every 
species  in  the  direct  line  of  descent,  the  characters  which 
are  sectional  or  generic  must  also,  at  the  time  of  their 
origin,  have  been  useful 

In  the  second  placc^  although  non-utilitarian  characters 
do  undoubted ty  appear  in  the  normal  courae  of  variation, 
no  agency  has  yet  been  detected  adequate  t^  the  extension 
of  these  useless  (peculiarities  to  all  the  individuals  which 
^.constitute    a    H|>ecies,    Jtnd     ^Ti^rtht'i^    ta    prevent 
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extension  to  any  of  the  varieties  which  are  destined  to 
become  new  species.     Unless  the  power  in  question  can 

have  this  twofold  effect  it  cannot  lead,  except  by  accident, 
to  the  production  of  useless  specific  characters. 

Under  conceivable  conditions,  however,  it  is  possible 
that  certain  useless  characteristics  may  become  limited  to 
the  individuals  of  a  single  species.  But  what  we  know  of 
the  modes  of  variation  and  the  distribution  of  varieties 
indicates  that,  if  at  any  time  so  produced,  they  must  be 
altogether  exceptional  and  of  the  nature  of  chance 
pi-oducts;  and  that  they  cannot  possibly  constitute  such  a 
general  characteristic  of  species  as  has  been  suggested. 

Our  final  conclusion  is  that,  whether  we  can  discover 
their  use  or  no,  there  is  an  overwhelming  probability  m 
favour  of  the  statement  that  every  truly  specific  character 
is  or  has  been  useful,  or,  if  not  itself  useful,  is  or  has 
been  strictly  correlated  with  some  useful  charEtcten 


CHAPTER  XIX 


THE    POLYNESIANS   AND  THEIR   MIGRATIONS 


The  origin  of  the  various  races  of  tlie  islaiida  of  the 
Pacific  ha.4  always  been  one  of  the  most  difRcnlt  problems 
for  the  believers  in  the  unity  and  the  recent  origin  of 
man.  Their  diversity  of  physical  features,  of  civilization, 
and  of  language,  the  absence  of  any  continental  races  to 
which  they  could  be  affiliated,  and  the  wide  spaces  of 
ocean  over  which  they  are  distributed,  have  hitherto 
seemed  to  indicsite  that  their  origin  flaten  from  a  period  so 
remote  that  we  cannot  hope  to  deteriume  it  with  any 
approach  to  certainty. 

M,  Quatrefages/  however,  evidently  believes  he  has  com- 
pletely solved  this  difficult  problem,  as  tar  as  regards  the 
most  important  of  the  Piurific  mces,  the  Polynesians. 
He  very  properly  limits  this  term  to  the  brown  races  spread 
over  a  wide  area  fmin  the  Sandwich  Islands  in  the 
north  to  New  Zealand  on  the  south,  and  from  Easter 
Island  on  the  east  to  the  Tonga  and  Samoan  groups  on 
the  west ;  but  all  speaking  dialects  of  one  well-marked 
langimge.  Now  what  M.  Quatrefages  attempts  to  prove 
\  isj  that  these  people  are  simply  Malays,  who  migrated 
from  some  islands  of  the  Malayan  Archipelago  (probably 
Bourn  in  the  Moluccas),  and  have  more  or  less  inter* 
mingled  with  the  races  of  Melanesia  and  Micmnesia,  His 
evidence  to  prove  this  is    of  two  kinds ; — first,  he  en- 


^  Leu  P&i^iemeitJi  ti  IturM  MiffreUimts,  par  M*  de  Qufttref&ges,  Menibre 
riiwtitut,     Profeasear    ftU     Museum.       r'aria,     pp.      199*       Arthur 
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did  take  place: 
their  physical 
tnie     MalftVAn 


ile&iroaia  to  show    th^t    a  migratioii 
aeooiidlj,   that    the   Poljnesians  are    in 
mental,    and     moml     characteristics,    a 
race. 

1.  3figraHoft^.--^We  find  in  M,  Qtiatrdkges*  vol  nine  a 
vary  careful  nummary  of  ali  the  native  accounts  of  their 
migrations,  and  als<i  of  the  involuntarj^  migratioos  that 
have  recently  occurred.  These,  no  doubt,  prove  that  the 
Sandwich  Islands  and  New  Zealand  have  been  peopled 
by  emigrants  from  the  Marquesas  and  Tahiti,  and  the 
fact  of  this  emigration  is  confirmed  by  the  indej*endent 
evidence  of  language.  It  is  proved,  therefore,  that  the 
Polynesians  have  passed  over  immense  spaces  of  ocean, 
in  directions  not  especially  favoured  by  winds  or  currents, 
and  thus  the  difficulty  of  any  migration  from  its  mere 
distance  is  quite  overcome.  It  is  Hirther  shown  that  all 
the  traditions  point  to  the  Samoan  group  and  the  Fiji 
Islands  as  the  central  points  to  which  almost  all  Poly- 
nesians trace  their  origin.  It  is  to  be  observed  here  that 
these  are  the  largest  of  all  the  islands  in  the  central  Pacific 
inhabited  by  the  Polynesian  race,  and  it  is  these,  therefore, 
that  we  should  naturally  expect  to  have  sent  out  colonies 
to  the  smaller  islands.  So  far  we  have  the  strongest 
corroboration  of  there  having  actually  been  a  migration, 
io  the  fact  of  the  community  of  language,  and  all  the 
legends  of  these  migrations  speak  of  them  as  having  been 
made  by  simple  mcn^  the  natural  ancesti^rs  of  the  existing 
Polynesians.  But  in  the  legend  which  refers  the  origin 
of  the  Samoans  themselves  to  a  migration  from  a  lai^e 
country  ''  further  west/'  we  get  into  pure  legend, — for 
the  mythic  Bouloton,  whence  the  first  inhabitants  are 
said  to  have  come  from,  is  a  spiritual  and  not  a  real 
country,  and  these  inhabitants  are  believed  to  have  been 
not  men,  but  inferior  gods.  But  the  direct  evidence,  so 
far  as  it  goes,  of  the  earliest  migration  having  been  from 
the  west,  is  by  no  means  so  clear  as  M.  Quatrefages  would 
have  us  believe ;  for  one  of  the  best  authorities  on  the 
subject,  Mr.  \V.  P.  Pritchai-d,  who  has  spent  his  whole  life 
in  the  Pacific,  and  from  his  lotig  residence  in  the  Feejee 
^nd  Samoan  Islands  n^  British  Consul,  and  his  intimate 
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knowledge  of  the  Polynesian  languages,  is  welt  qualified  to 

give  an  opinion  00  this  matter,  says  it  is  quite  the  contrary. 
In  his  Pdy7uda%  Rttmini^aiMs^  p.  402,  he  observes :  '*  It 
is,  however,  remarkable  that  in  all  these  many  instances 
of  authenticated  driftings,  the  course  of  the  drifted  canoea 
has  been  from  east  to  west  before  the  prevailing  trade 
winds,  and  not  from  v:ed  to  east  before  the  westerly 
winds ; "  during  the  prevalence  of  which  he  tells  us  the 
natives  do  not  usually  venture  out  on  fishing  or  tiu veiling 
expeditions.^ 

In  this  case,  too,  the  corrobomtive  proof  by  language 
completely  fails,  for  though  there  is  an  undoubted  Malay 
element  in  the  Polynesian  language,  it  is  an  element 
derived  froni  the  civilized  Malay  and  Javanese  tongues, 
not  ft'ora  those  of  the  Moluccas,  which  are  toUiIly  distinct. 
It  is  to  be  noted  also  that  this  Malay  element  in  the 
language  hns  all  the  character  of  a  recent  iatroduction, 
since  the  Malay  woixls  are  hardly  changed,  except  by  the 
phonetic  character  of  the  language  which  has  received  theuK 

But  even  if  the  Malay  formed  a  much  larger  portion  of 
the  Polynesian  language  than  it  does,  this  would  not 
prove  a  community  of  race,  unless  the  physical  characters 
also  in  some  degree  corresponded.  It  is  here  that  we  ttnd 
an  absolute  defect  of  all  evidence  bearing  upon  the  point 
in  question ^ — the  similarity  of  the  Polynesians  to  any  race 
speaking  the  Malay  language.  Almost  the  only  evidence 
adduced  by  M.  Quatretages  is  as  to  the  similarity  of  the 
brown  race  of  Timor  to  those  of  Polynesia.  But  the 
Timorese  are  not  Malays  at  all ;  they  belong  to  that 
curious  race  which  has  close  affinities  to  the  Papuan  in  all 

^  Later  and  more  eKteneLve  inqinries  hiLV(i  fihown  thiLt  accldentiLl 
drifting  of  cantxjs  from  north  or  north-west  to  south -e^fit  d€>ea  often 
occur,  specially  in  the  region  of  the  northern  tropic,  where  violent 
itorma  and  hurricanen  are  not  uiifrcquent,  &nd  ft  la  when  unexpeetmUy 
catiEfht  by  siicli  storms  that  canoes  get  carried  faraway  from  their  coarae} 
and  occasionalJy  drifted  to  distant  and  unknown  islands.  Such  was 
tbe  ininienBe  double  canoe  with  men,  women,  and  childr^jn,  which  over 
a  hundred  aoil  lifty  years  ago  reached  Rotujna  from  Tarawah  in  the 
Gilbert  IslaudR,  Tbla  was  a  journey  of  over  a  thousand  miles  ft)  a 
direction  south  by  east.  Ntimcroiui  other  cases  have  been  recorded  in 
varioua  Facitic  Islauds  of  canoes  carried  by  storms  from  the  north* west ; 
and  most  anthropologists  now  believe  that  the  Mahori  race  onginnUj 
came  from  some  part  of  the  Asiatic  continent  or  its  adjufeDt  ibhinds. 
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moral  and  phys^ical  characteristics  exoept  colour,  and  their 
languages  arc  much  further  removed  from  the  Malay  than 
even  the  Polyne^siaii  itself  The  reseroblanee  physicallv 
of  this  race  with  the  Polynesian  proves  absolutely  nothing 
with  regard  to  the  Malay  qiiL'Stion. 

Now  let  us  compare  the  nitist  important  and  thoroughly 
well-establLshed  phys^ieal  and  mental  characteristics  of 
the  two  nices  :^ 


Polynmans, 
Tall,  averaging — 

5  ft.  10  in,  .  ,  Wilkes 

(Samoans). 

6  ft.  .  Dupurey  (Tahiti). 
Hair      wavy»      curly      or 

irizzly. 
Beard  often  full 
Face  handsome,  European 

type. 
Nose  often  aquiline, 
Dispositiun     active      and 

joyous. 
Character  open  and  frank. 

Often  erected   atone    edi- 

ficc-s. 
Use  double  canoes. 


Malays^ 
Short,  averaging— 

5  ft.  4  in.  or  5  ft.  6  in. 

Hair  always  stmight, 

BL'ard  alnnjst  wanting. 
Face  of  Mongolian  tyjie- 

Nose  never  aquiline. 

Disposition  slow  and 
morose. 

Character  eminently  se- 
cretive. 

Never  used  stone  for 
building. 

Use  single  canoes. 


Taking  the  whole  of  these  differences,  they  appear  to  in- 
dicate a  radical  diversity  not  to  be  overcome  by  any  mere 
similarity  of  colour  and  some  common  words  in  language, 
which  is  all  that  really  exists  to  prove  identity  of  race. 
The  one  single  fact  of  stature  is  conclusive  against  any 
fiuch  comparatively  recent  common  origin  as  M.  Quatrefagea 
argues  for.  A  race  which  averages  5  ft.  10  in.,  and  has 
many  men  6ft,  2  in.  or  more,  can  hardly  have  been  derived 
at  such  a  recent  period  as  to  have  retained  community  of 
language  from  a  race  averaging  5  ft.  5  in.  or  5  ft.  6  in-,  and 
among  whom  a  single  individual  of  5  ft.  10  in.  is  rarely, 
perhaps  never,  found.  Again,  the  hair  of  the  Malay  is  of 
the  true  mongol  type — black,  coarse,  and  perfectly  sttBigbt 
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The  least  approach  to  wavy  or  curly  hair  is  never  found 
among  the  unmixed  Malays,     I  cannot  find  evidence  that 
the  Polynesians  ever  have  this  character  of  hair,  while  it  is 
not  un frequently  as  frizzly  as  the  most  decided  Papuans, 
but  that  is  no  doubt  due  to  inteimixture.     Again,  the 
mental  character  of  two  races  in  a  parallel  state  of  civili- 
zation and  inhabiting  very  similar  countries,  is  surely  of 
grviii  importance ;  yet,  what  contrast  can  be  gi-eater  than 
between    the    phlegmatic,    suspicious,    undemonstrative 
^^ Malay t  and  the  active,  frank,  and  joyous  Tahitian  ?     Are 
^pwe  t4)  throw  down  all  these  kirriera  of  diversity  for  the 
^^sake  of  solving  by  main  force  a  problem  that  is  probably 
ins4)luble  ? 

We  ought  not  to  expect  that  the  beginnings  of  every 
I  race  can  be  discovered  within  the  short  epoch  of  human 
history  or  tradition,  and  we  have  every  reason  to  be 
suspicious  of  the  theory  that  professes  such  a  discovery. 
In  the  present  case,  the  very  erroneous  views  prevalent 
I  on  the  subject  arise  from  two  causes.  One  is  the 
'  occurrence  of  a  number  of  Malay  words  in  the  Polynesian 
language ;  the  other,  the  similarity  of  the  brown  tint  of 
the  Malays  and  Polynesians,  while  they  are  separated  by 
a  group  of  people  of  a  much  darker  colour.  The 
simdarity  of  tint  has  led  many  travellers  in  the  one  area 
to  jump  to  the  conclusion  that  the  people  of  the  other 
area,  of  which  they  have  little  knowledge,  are  the  same 
race.  It  unfortunately  happens  that  not  a  single  traveller 
appeai3  to  be  well  acquainted  with  both  races,  and  for 
that  reason  their  opinions  as  to  the  similarity  of  the  two 
should  be  received  with  great  doubt.  If,  on  the  contrar)\ 
my  account  of  the  physical  and  mental  characteristics  of 
the  Malays  be  taken  as  correct  (and  I  resided  among 
them  for  eight  years),  and  if  it  be  ctKopared  with  that  of 
the  PoljTiesians  given  by  Cook,  and  by  recent  travellers 
I  and  mission  aides,  the  differences  will  be  seen  to  be  so 
striking  and  radical,  that  all  idea  of  their  being  the  same 
race  must  be  given  up.  In  the  case  of  the  Malays  in 
particular,  much  confiision  has  arisen  from  travellers 
having  confounded  with  them  the  many  peoples  of 
distinct    race   which   inhabit   the   eastern   imris   of    the 
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Malayan  Archipelago,  such  as  the  Timorese,  the  Tnoun- 
taineera  of  Cerain  and  Gilolot  and  of  the  small  islaoda  near 
New  Guinea  ;  and  this  m intake  has  been  rendered  oxc usable 
by  the  number  of  half-breeds  between  the  two  i*ii4?es  to  b*? 
found  everywhera  Many  of  these  people  are,  perhaps, 
allied  to  the  PolynesianSi  but  they  are  certainly  not  Malays, 
who  are  essentially  a  Mongol  race,  with  many  of  the 
Mongol  characteristics  strongly  marked.  The  Papuans  of 
New  Guinea  form  the  extreme  tyye  of  another  and  a 
widely  different  race,  and  all  the  evidence  goes  to  show 
that  in  every  chai*acteri8tic  except  colour,  the  Polynesians 
are  somewhat  nearer  to  the  Papuans  than  they  are  to  the 
Malays,  but  that  they  are  fundamentally  distinct  from 
both  of  them. 

Modem  Fiews  as  to  tlu  Afflnitit^  of  the  PoipntmuTis, 

Since  the  preceding  pages  were  written,  more  than 
thirty  years  ago,  a  gre^it  advance  has  been  made  in  our 
knowledge  of  the  true  affinities  of  the  Mahoris  or  brown 
Polynesians.  The  supposed  close  relatiLinship  of  their 
languages  to  the  Malay  has  been  shown  to  bt*  an  error, 
since  they  differ  fundamentally  both  in  phonetics  and  in 
grammatical  structure.  The  Malayan  words  in  the 
Mahori  langitages,  once  thought  to  be  so  important,  have 
been  shown  to  be  not  more  than  about  four  per  cent,  of 
the  whole,  and  they  belong  mostly  to  the  actual  spoken 
languages  of  the  western  Malays  and  Javanese,  not  to 
thosie  of  the  more  eastern  tribt^s  in  the  Moluccas  or  the 
Philippines.  This  is  easily  explained  by  the  fact  of  the 
tw^o  former  languages  being  those  of  the  wandering  traders 
of  the  Archipelago,  who  would  be  most  likely  to  come  in 
contact  with  the  Mahoris  and  thus  introduce  some  words 
of  their  language. 

Another  factor  of  great  importance  which  has  led  to  a 
more  accurate  perception  of  the  resemblances  or  differencee 
of  the  races  of  distant  lands,  has  been  the  great  spread  of 

{)hotogTaphy  during  the  last  twenty  or  thirty  years.  So 
ong  as  we  were  depetident  on  the  hand-w^ork  of  artists  of 
every  degree  of  talent,  and  often  with  such  an  amount  of 
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pefBotml  equation  or  manneriBm  as  to  disguise  some  of 

the  most  important  peculiaritiee  of  a  race,  and  when  their 
sketches,  often  hasty  or  taken  from  individuals  who  were 
not  typical  of  their  race,  were  still  further  modified  by  the 
copyiist  or  engraver,  no  accurate  comparison  of  types  waa 
possible.  But  with  the  advent  of  the  photograpner  and 
of  the  process-piate  this  difficulty  has  disappeared,  and  we 
are  able  for  the  first  time  to  make  accurate  comparisons. 
The  chief  difficulty  that  remains  is  due  to  the  ignorance 
of  the  photographer,  who  is  too  often  a  passing  traveller 
or  tourist,  and  quite  unable  to  distinguish  between  pure 
and  mixed  bloofJ,  or  between  individuals  who  are  typicjdof 
the  best  qualities  of  their  race  and  those  who  am 
altogether  exceptional.  This  difficulty  however  tends  to 
disappear  with  the  multiplication  of  anthropological 
portraits,  and  especially  when  they  are  taken  by  intelligent 
residents  who  are  well  acquamted  with  the  special 
characteristics  of  the  people  amongst  whom  they  live. 
But  even  at  the  present  time  it  is  very  difficult  to  get 
really  good  portraits  of  the  best  types  of  these  interesting 
people. 

Almost  all  travellers  speak  highly  of  the  appearance 
and  character  of  the  brown  Polynesians,  Danvin,  who 
only  saw  them  at  Tahiti^  says: — ^'*  I  was  pleased  with 
nothing  so  much  as  the  inhabi taints.  There  is  a  mildness 
in  the  expression  of  their  countenances  which  at  once 
banishes  the  idea  of  a  Siwage;  and  an  intelligence  which 
shows  that  they  are  advancing  in  civilization."  And 
after  taking  part  in  a  meeting  between  the  principal 
chiefs  and  Captain  Fitzroy  about  compensation  for  injury 
done  to  an  English  ship  in  one  of  the  most  distant  islands 
of  the  group,  he  s^ays :  "  I  cannot  sufficiently  express  our 
surprise  at  the  extreme  good  sense,  the  reasoning  jMwers, 
mtxleration,  candour,  and  prompt  resolution,  which  were 
displayed  on  all  sides/'  Hellw*ald,  after  referring  to  the 
deterioration  since  the  days  of  Cook,  due  to  the 
introduction  of  liquor  and  other  vices  of  civilization^ 
says : — *'  The  natives  of  Tahiti  are  still  a  fine,  well- 
proportioned  people^  tall  and  robust,  with  dark  brown 
complexion,  broad  nose,  slightly  protruding  lips,  beautiful 
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teeth  J  black  and  mostly  carling  hair,  but  with  slightly: 
developed  beard." 

The   two   portraits   here  given  of  a  young  man  aad 
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woman    reproduced    frotn     Ch alien ffer     photographs 
permission  of  the  Stationery  Office,  sufficiently  show  the 
geneml  character  of  TahitianH  at  the  present  <ky. 
In  the  Sandwich  Islantts^  the  Kanakas,  as  the  natii 
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are  called,  seem  to  have  Htiffered  moat  fe^m  the  injurious 
efftKits  of  ft  too  ram|mnt  civilization,  mnce  from  Cooks 
estimate  of  300,000  for  the  populatit»n  in  his  daj  they  are 


Flo*   WJ-— OtftL,   TAatTl. 


reduced  to  a  little  over  SO ,000;  while  that  most 
terrible  of  diseases,  leprosy,  m  permeating  all  classes  of 
tbe  people,  although  quite  uoknovirn  previous  to  1840,  It 
Hy  became  prevalent  after   1860,  about  whioh    time 
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vaccination  was  introduced  by  the  tnisstonaries,  who  in 
this  matter  were  blindly  followed  by  the  people,  and  there 
is  very  strong  evidence  that  in  many  countries  it  lias  been 
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the    means  of   spreading   the  disease,^     The  Sandwich 
Islanders  have  been  considered  by  most  writers   to  be  f 

1  For  fact«  l*eAring  nu  this  question  see  Tht  Ufemdtseenct  o/Ltpro^g^ 
hj  William  Tebb  (i^wa.u  SoaucmEMsheiu^  1S93). 
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^ong  the  most  intelligent  and  finest  peoples  of  the 
Pacific,  and  it  is  a  melancholy  satire  ii|x>n  the  supposed 
Superiority  of  our  civilization,  that  ft  shi^idrl  deteriorate 
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md  destroy.  The  accoinpanjing  two  photographs  from 
^^  CfmUcngtr  collection  show  us  good  types  of  Uawaiian 
mittk  and  women  at  a  recent  perioa. 

It  is,  however,  in  the  Friendly  and  Navigator's  Island  of  the 
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western  Pacific  that  the  highest  types  of  the  Mahori  race  are 
etill  to  be  fouod,  though  these  too  have  greatly  diminished 
in  numbers,  while  the  intermixture  with  dark  Fijiaos  and 
low-class  European  traders  have  greatly  deteriorated 
them.  Admiral  Erskine  says : — "  Tho  men  we^  a  te- 
raarkably  fine'ltx)king  set  of  people;  among  them 
were  several  above  six  feet  high  and  of  Herculean 
proport-ions.  The  manly  beauty  of  the  young  men  is  vei^^ 
remarkable ;  one  in  particular,  who  had  decked  his  hair 
with  the  flowers  of  the  scarlet  hibiscus,  might  have  eat 
for  an  Antinous."  The  accompanying  photographic  print 
of  a  native  of  the  Tonga  Islands,  kmdly  lent  me  by 
Mr.  J.  J.  Lister  of  St.  John^s  College,  Cambridge,  well 
illustrates  this  fine  t}^e.  Mr,  Lister  informs  me  that  the 
**sisi''  or  collar  worn  by  this  man  was  made  of  strips  of 
hibiscus  bark  and  ferns  brought  from  Ena,  one  of  the 
volcanic  islands  of  the  group  not  far  from  Tongatabou. 

Lord  George  Campbell  in  his  delightful  book,  Log-kiUn 
frmn  the  ChilUnger,  speaks  of  these  people  in  enthusiastic 
terms.  "  There  are,"  he  says,  '*  no  people  in  the  world 
who  strike  one  at  first  so  much  as  these  Friendly 
Islanders,  Their  clear  light  copper-brown  coloured  skins, 
their  curly  hair  and  good-humoured  handsome  faces^  their 
tout-tnMmhh,  formed  a  novel  and  splendid  picture  of  the 
genus  hovw ;  and  as  for  as  physique  and  appearance  go, 
they  gave  one  certainly  an  impression  of  bemg  a  eupenor 
mce  to  ours."  And  in  character  they  are  equally  admirable. 
Cook  declared  them  to  be  "libemlj  brave,  open,  and 
candid,  without  either  suspicion  or  treachery,  cnielty  or 
revenge."  They  are  cheerful  in  disposition  and  fond  of 
dancing  and  s*>ng ;  very  cleanly  in  all  their  habits,  so  that 
Admiral  Erskine  remarks  that  "  they  carry  their  habits  of 
cleanliness  and  decency  to  a  higher  point  than  the  most 
fastidious  of  civilized  nations."  And  again,  that — "  Their 
public  meetings  and  discussions  are  carried  on  with  a 
dignity  and  forbearance  which  Europeans  never  equal, 
while  even  in  the  heat  of  war  thay  have  shown 
themselves  amenable  to  the  influences  of  reason  and 
religion." 

Their  superiority  is  also  shown  in  the  status  of  women 
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among  them  I  who  are  treated  as  companions  and  equals^ 
protected  from  all  hard  work  and  everything  that  might 
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impair  their  grace  and  beauty.  The  Mahori  women 
employ  themselves  solely  in  household  work,  making  iiiats 
and  tapa  cloth,  plaiting  ornamental  baskets,  and  engaging 
in  such  outdoor  employments  as  frint-gatheiing  and 
fishing,  which  in  their  delightful  climat^i  and  in  congenial 
companionship  are  relaxations  or  pastimes  rather  than 
labour.  The  Polynesians  are  kind  and  attentive  to  the 
sick  and  aged,  and  unlimited  hospitality  is  ever_j"where 
practised ;  and,  what  is  even  more  ad  mi  table  and  uncommon, 
the  chiefs  work  as  well  as  the  common  people,  and  think 
it  a  disgrace  if  they  do  not  excel  iti  all  departments  of 
labour. 

The  man  and  woman  of  Samoa  here  represented  from 
photographs  by  Culoiiel  Swinton  are  not  of  the 
highest  type,  but  may  be  taken  as  average  specimens, 
(Fig.  57  and  58) 

How  sad  it  is  that  all  the  more  fertile  islands  inhabited 
by  this  most  interesting  nice— a  race  that  seema,  under 
favoun^ble  conditions,  capable  of  developing  a  true  civil- 
ization higher  than  any  the  world  can  yet  snow,  should  be 
seized  upon  by  the  great  nations  which  especially  pride 
themselves  upon  their  civilization,  not  for  the  purpose  of 
helping  on  the  development  of  this  fine  race  which  the 
world  can  ill  afford  to  lose,  but  solely  in  their  own  interests, 
political*  naval,  or  coramerciah  If  we  contmst  this  conduct 
and  the  national  character  it  implies,  with  that  of  the 
Ma h oris  as  depicted  by  unprejudiced  persons  from  Captain 
Cook  down  to  our  own  day,  we  shall  be  driven  to  the  con- 
clusion that  in  all  the  e-ssentials  of  true  civilization  these 
uncultivated  people  are  fully  the  equals — perhaps  even 
the  superiors  of  ourselves. 


The  Mahmis  are  Cauca&mm. 

Keeping  in  view  the  mental  and  moral  characteristjc^ 
of  the  Mahori  peoples  as  here  briefly  indict, ted,  and  con- 
sidering carefully  the  physical  chamcters  shown  by  the 
photographs  here  reproduced,  we  shall  not  be  surprised  to 
find  that  the  tendency  of  modem  anthropologista  is  to 
cla38  them  as  belonging  to  the  same  great  primary  division 
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of  mankind  as  ourselves — the  Caucasian.  Profeasor  A.  H. 
Keane,  speaking  of  the  PoI^Tiesians,  says  t —  "  A  line  drawn 
athwart  the  Pacific  from  New  Zealand  through  Fiji  to 


Hawaii  wil!  roaghly  cut  off  this  domain  froQ\  the  vmi  of 
the  Oceanic  world,  where  all  to  the  west  is  Melane^iiin, 
Papuan  or  mixedj  while  all  to  the  east,  the  Maori  of  New 
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Zealand,  some  of  the  eastern  Fijians,  the  Tongans,  Samoans, 
Tahitiana,  Manjoeaans,  Hawauans,  and  Easter  Islanders — 
constitute  the  purest  and  most  interesting  section  of  the 
Caucasic  Indonesians.  Their  claim  to  belong  to  this  con- 
nection can  no  longer  be  seriously  questioned,  since,  as  now 
firrnly  established,  there  have  been  from  the  remotest  times 
both  a  doll  c  ho- and  a  brachy -section  of  the  Caucasic  division, 
"^o  the  former  section  belong  our  Eastant  Folynr^ia'm,  who 
mostly  long-heads  with  remarkably  regular  features, 
of  a  distinctly  Eurofxian  sUimp,  and  other  characters 
of  a  pronouncedly  Caucasic  type/' 

Professor  Keane  goes  on  to  discuss  their  language,  which 
not  Aryan  but  Malayo- Polynesian,  which  had  its  roots 
n  the  Astatic  main -land,  whence  it  spread  over  the  oceanic 
orld  in  pre -his  tone  times.  He  thinks  they  reached  their 
resent  home  through  Malaysia,  a  point  which  seems  to 
e  very  doubtful,  and  w^hich  will  be  referred  to  again 
hen  we  have  considered  the  origin  of  the  Anstnilians, 
d  the  widely  scattered  fragments  of  low- type  or  barbarous 
aucasic  peoples  in  the  remote  East. 


CHAPTER  XX 


NEW  QITIKEA   AKD    ITS   INHABITANTS 


Immediately  north  of  Australia,  and  separated  from  it 
at  Torres  Straits  by  less  than  a  hundred  miles  of  se*%  is 
the  largest  island  on  the  globe — Kew  Guinea,  a  coiintiy 
of  surpassing  interest,  whether  as  regards  its  natiiml 
productions  or  its  human  inhabitants,  but  which  remains 
to  this  day  less  known  than  any  accessible  portion  of  the 
earths  suriace.  Within  the  last  thirty  years  considerable 
attention  has  been  attracted  towanls  it,  by  survc}^  which 
have  completed  our  knowledge  of  its  outline  and  dimensions. 
by  the  settlement  of  English  missionarii^s  on  its  southern 
coasta,  by  the  explorations  of  several  European  naturalistSi 
and  by  the  visits  of  Australian  miners  attracted  by  the 
alleged  discovery  of  gold  in  the  sands  of  its  rivers.  From 
these  various  sources  there  has  resulted  a  somewhat  sudden 
increase  in  our  still  scanty  knowledge  of  this  hitherto 
unknown  land ;  and  we  therefore  propose  to  give  a  general 
sketch  of  the  island  and  of  the  peculiar  forms  of  life 
that  inhabit  it,  aiid  to  discuss  brioHy  some  of  the  interest- 
ing problems  connected  Vitith  its  indigenous  races. 

It  has  hitherto  been  the  custom  of  geographers  to  give 
the  palm  to  Borneo  as  the  largest  island  in  the  world,  but 
this  is  decidedly  an  error.  A  cju-eful  measurement .  founded 
on  the  most  i-ecent  maps,  shows  that  New  Gnincja  is  oon- 
siderably  the  larger,  and  must  for  the  future  be  accorded 
the  tirst  place.  In  shape  this  island  differs  greatly  fn>m 
Borneo,  being  irregular  and  much  extended  in  a  N,N,W. 
and  S.S.K  direction^so  that  its  gi'entest  length  is  little 
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short  af  1 ,500  miles,  a  distance  as  great  as  the  whole  width 
of  Austmlia  from  Atiehide  to  Port  Darwin,  or  of  Europe 
from  London  to  Consiantinople.  It8  great  test  width  is 
410  miles  ;  and,  omitting  the  great  peninsulas  which  form 
its  two  extremities,  the  central  mass  is  about  700  miles 
long,  with  an  average  width  of  320  miles,  a  countrj^  about 
the  sizii  of  the  Austrian  Empire,  and,  with  the  exception 
of  the  couiTse  of  one  large  river,  an  absolute  blank  upon  our 
maps. 

This  almost  total  ignumnce  is  the  more  ni^markable,  when 
we  consider  how  long  the  country  h^is  been  known,  and 
how  frequently  its  shores  have  been  visited.  It  was  dis- 
covered in  I511,eveii  earlier  than  Australia;  and  iVom  that 
time  Spanish,  Portuguese,  Dutch,  French,  and  English 
vessels  nave  continually  pjissed  along  its  coasts.  Most  of 
our  early  navigators — ; Forrest,  Dam  pier,  and  Cook^ — visited 
New  Guinea,  and  have  given  us  s^iinc  account  of  its  inhab- 
itants;  while^more  recently,  many  exploring  and  surveying 
ships — the  Coquiile  and  Astrolabe,  under  French ;  the 
Haiti e^7utkt%  Fly,  and  Basilwk,  under  English  ;  the  THto'n 
and  Ehm  under  Dutch  commanders,  have  added  to  our 
gtore  of  information.  Among  private  naturalists  and 
Ifcplorers,  the  present  writei'  was  the  tirst  to  reside  some 
months  in  New  Guinea  in  DS58 ;  since  which  time  Dr, 
Miklucho  Maclay,  a  Bussian;  Dr/Beccari  and  Hignor 
D*  Albert  is  t  Italians ;  Dr,  A.  B,  Meyer,  a  German ;  Mr. 
OctaviusCX  8tone,  and  sevenil  English  missionaries,  have 
all  made  important  explanitions  and  added  much  to  our 
knowledge  of  the  natural  pnxl actions  of  the  island  and  of 
the  trilies  resifling  on  or  near  its  coasts. 

From  these  various  sources  we  have  obtained  a  tolerable 
knowledge  of  the  outside  margin  of  the  country,  but  never 
extending  more  than  twenty  miles  inland,  except  in  the 
case  of  the  Fly  river,  which  Signer  D'Albertis  ^iscended 
for  nearly  500  miles,  reaching  a  point  somewhat  beyond 
the  centre  of  the  island.  The  north-western  and  south- 
western peniiLsulas  of  New  Guinea  are  the  best  known 
t portions,  and  both  seem  to  be  mountainous  throughout. 
Jji  the  north,  Mount  Arfiik,  a  little  beyond  Dorey  Harbour, 
from  8,000  to  10,000  feet  high,  while  in  the  south-east 
VOL,  L  ^1. 
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ttie  Owen  Stanley  imnge  hm  sereml  pmks  whieli  reach 
eWvationsof  from  10,000  to  13.000  feuL  Tht3  Charles 
LtMiis  ffionataiiid,  commeneiiig  near  the  ^uth  ooast,  east 
of  Tritijii  Biiy,  appear  Uf  run  far  in  a  south-easterly  direc- 
tion, and  their  summits  are  believed  to  be  snow-clad,  and 
are  probably  at  least  18,000  feet  high.  If  they  c^mtinuc 
eaBtwanl  in  the  same  general  direction,  they  would  pass 
abinit  100  miles  to  the  north  of  D'Albertis'  furthest  point 
on  the  Fly  river,  and  perhaps  form  a  great  curve  till  they 
merge  in  the  Owen  Stanley  range  in  the  south-east  This, 
however,  in  mere  conjecture,  for  throughout  the  whole 
course  of  the  Fly  river  the  land  was  low,  and  only  on  one 
fiecasion  were  high  mountains  seen  to  the  north-west 
Combining  this  with  the  fact  that  for  a  length  of  nearly 
700  mi  lew  the  south  coast  of  New  Guinea  is  low  and  swampy 
with  no  high  land  anywhere  visible,  we  are  led  to  conclude 
that  there  is  probjibly  a  continuous  range  of  lofty  moun- 
tains t4)wardi*  the  north,  while  the  south  consists  of  widi^ 
alluvial  tmcts  and  uf  Hlightly  elevated  inland  plains.  This 
part  of  the  ifiland  would  thus  somewhat  resemble  Suraatm 
turned  round,  but  with  higher  mountains,  which  are 
|)n*l>ably  not  volcanic,  and  with  a  considerably  greater 
width  uf  land. 

Although  the  Fly  river  penetrates  so  far  into  the 
interior,  its  size  and  depth  in  its  upper  i>ortion  are  by  no 
means  what  we  should  expect  in  a  stream  fed  by  a  lofty 
muuntain  range  close  tu  the  equator  It  is,  therefore, 
ahiiu.st  fcrtajn  that  larger  rivers  exist  further  west;  while 
anutln  r  large  river  certainly  flows  northward,  having  its 
tnoutU  iii  a  delUi  at  the  eastern  extremity  of  Geelvink 
Ikiy.  Until  these  rivers  are  explored,  and,  at  least,  the 
lower  slopes  of  the  hills  ascended,  we  cannot  be  said  to 
have  much  real  knowledge  of  the  interior  of  New  Ciuinea. 

Hitnaticd  close  to  the  equator,  and  extending  only 
eleven  degrees  south  of  it,  the  climate  of  New  Guinea  is 
hot  and  unifitnn,  and  the  rains  abundant;  leading  here^ 
MH  elwewhtTc  in  similar  situations,  to  the  growth  of  a 
luxtiriaut  forest  vegetation,  which  clothes  hill  and  valley 
with  an  ever- verdant  numtle.  Only  on  the  cuasts  nearest 
to   Australia,  and   probably  influenced  by  the  dry  wind^s 
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fttjni  that  contiQtirjt^  are  there  any  open  or  thinly  wooded 
ce8>  and  here  alone  do  we  find  some  ajjproach  to  the 
iStraUan  type  of  vegetation  in  the  occurrence  ol" 
numerous  eucalypti  and  acacias.  Everywhere  else,  how- 
ever, even  in  the  extreme  south-east  peninsula  and 
adjacent  i^^lands,  the  vegetation  is  essentially  Malayan ; 
but  Dr.  Bcccari,  who  collected  plants  extensively  in  the 
north 'Western  peninsula  and  its  islands,  was  disappointed, 
both  as  regards  its  variety  and  novelty.  On  the  Arfak 
iBuun tains,  however,  he  found  a  very  interesting  sub- 
alpine  or  temperate  floiu,  consisting  of  araucarias, 
rhijdodendrons,  vacciniuinSj  iiinbellifenB,  and  the  Antarctic 
genus  Drimys.  The  forests  of  New  Guinea  are  every- 
where grand  and  luxuriant,  rivalling  those  of  Borneo,  and 
of  Brazil  in  the  beauty  of  their  forms  of  vegetable  life ; 
and  we  cannot  cimsider  the  collections  yet  made  as 
affording  more  than  very  imperfect  sampler  of  the  trea- 
sures they  contain. 

Mammals  of  New  Ghdnea.  i 

The  animal  life  of  this  great  island  is  better  known  and 
is  perhaijs  more  interesting.  Its  terrestrial  mammalia 
are,  however,  singularly  few,  and,  with  the  exception  of  a 
peculiar  kind  of  wild  pig,  all  belong  to  the  niai^supial 
tribe  or  the  still  lower  mt>notremes  of  Australia  The 
tigers,  apes,  and  buffaloes  described  in  the  fictitious 
travela  of  Captain  Lawson,  are  here  ws  much  out-  of  their 
real  place  as  they  would  be  in  the  Highlands  of  Scotland  ; 
while  the  tmcks  of  large  animals,  supposed  to  be  rhinocerrjs 
or  wild  cattle,  Jictually  discovered  by  recent  bmvellers,  are 
now  ascertained  tt>  be  those  of  the  CEissowary,  which,  8o  far 
as  we  yet  know,  is  the  largest  hind'auimal  of  New  Guinea. 
Large  birds  were  also  seen  and  heaixl,  whtfcse  spi^ead  of 
wing  was  estimated  at  sixteen  or  twenty  teet,  and  which 
beat  the  air  with  a  sound  compared  to  the  puff  of  a  loco- 
motive ;  but  these  are  found  to  be  only  a  well-known  horn- 
bill  of  very  moderate  dimensions.  In  place  of  these 
myths,  however,  we  have  some  very  interesting  realities, 
the  most  remarkable^  perhaps,  beiug  the  fcree-climbing 
kangaroos  of  rather  large  size,  whieh/althou^K  W\.  ^\\'^\^V>| 
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different  in  external  form  from  the  jumping  ground* 
kaiigartx*s  of  Australirij  liop  about  among  the  larger 
branches  of  troef*,  on  the  leaveB  of  which  they  feed.  They 
have  a  bushy  tail,  with  somewhat  sliorter  hind  legs  and 
more  curved  claws  than  their  allies ;  and  they  afford  a 


FiOh  fi^^^CiuruM  orif»tatiM  (male  akd  wkmaue}, 

cnrious  cxanvple  of  the  adaptation  of  an  animal  to  new 
eonditionB  of  life  very  different  from  those  for  which  iU 
gene  ml  form  and  t>tinicture  seem  to  fit  it.  Such  a  niodi- 
haition  uiay.  pcrfiapSt  be  traced  to  a  s'otnewhat  recent 
se/Hiriitiou  of  Australia  and  New  Guinea,  when  the 
Icangaruus  which  renvam^dmlVe\iB.\X^  ^ssosvXs:^  ,w^5it  ^lul- 


^ 
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ig  a  sufficiency  of  herbage  for  their  support  in  the  dense 
forests,  began  to  feed  upon  leaves,  and  ultima tely  became 
adapted,  with  as  little  change  as  possible,  to  a  truly 
arboreal  life.  The  entire  absence  of  beasts  of  prey  would 
favour  this  adaptation,  ns  the  coincident  acquisition  of 


swiftness  of  motion  or  powers  of  concealment  are  thus 
rendered  mineces8ary;  and  the  tree-kangaroo  accordingly 
remainii  a  slow-moving  creature,  just  able  to  get  its  own 
living,  but  in  all  pn.ibtibility  quite  unable  to  cope  either 
with  eueuiios  or  competitoi*s.  (See  figure  at  top  of  plate 
al  p.  424). 
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Besides  several  speciea  of  Ciiscus  or  Phalangers,  one  of 
the  commoner  spL*cie3  being  that  figured  on  p.  420,  there 
are  sev^eml  allied  genera  of  niarsiipials^  among  them  the 
pretty  little  anitnal  represented  on  p.  421,  which  has  a 
nidimentary   lateral   membrane   and  thus  formB   a  Hak 


between  the  flying  ojwssiims  of  the  genu8  Petaurus  which 
are  common  in  New  Guinea,  and  Cusciis,  It  hiss  abo  a 
very  long  tail,  the  hair  spreading  out  bilaterally'  k> wards 
the  tip,  and  this  indie^itOB  that  it  probably  dcjes  p«s3 
obliquely  through  the  air  frunj  a  Ijigli  tree  to  a  low  one ; 
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partially  supported  by  the  dilated  skin  between  the  out- 
stretched limbsp  and  the  braad  taiL  Acconling  to  Mr. 
Senion  it  feeds  on  ants  and  other  insects. 

Another  considerably  smaller  animal  belonging  to  the 
sanxe  family  is  alao  figured  (p*  422),  and  well  shows  the 
large  grasping  feet  and  hands  characterLstic  of  so  niauy  of 
the  arboreal  roarsupiak  and  seen  alsfi  in  the  Arnericati 
opossums.  Mr.  Richard  Semon,  to  whom  I  am  indebted 
for  the  use  of  these  two  figures,  had  this  creature  alive  fur 
a  few  days,  but  found  it  to  be  vtvy  tierce  and  iiitractsible. 
A  curious  form  of  the  lowest  known  Tnammals,  allied  to 
the  Echidna  of  Australia  is  also  found  in  New  Guinea. 


Papuan  Birds. 

The  birds  J  like  the  mammalia  ai'e  mostly  of  Atistralian 
types,  but  nevertheless  present  many  pecidiarities.  Most 
celebrated  of  all  are  the  Birds  of  Fanvdise,  forming  a  dis- 
tinct family,  containing  more  than  twenty-five  different 
species,  all  confined  to  this  island  and  the  immediately 
surrounding  lands.  These  singular  binis  are  really  allied 
to  our  crows  and  magpiei^,  but  are  remarkable  for  their 
special  and  varied  developments  of  plumage.  In  most 
!S  tufts  of  feathers  spring  from  the  sides  of  the  body  or 
t,  forming  fanSj  or  shields,  or  long  airy  plumes  of 
extrt*me  beauty.  Others  have  glossy  mantles  or  arched 
shields  over  the  back,  strange  crests  on  the  head,  or  long 
and  wii-e-like  tail  feathers.  These  varied  appendages 
exhibit  con'es|>onding  varieties  of  colotir.  The  long  trains 
of  waving  plumes  are  golden  yellow  or  rich  crimson,  the 
breast-shields,  mantles,  and  crests,  are  often  of  the  most 
intense  metallic  blue  or  green,  while  the  general  body 
plumage  is  either  a  rich  chocolate  brown  or  deep  velvety 
black.  The  magnificent  twelve-wired  Bird  of  Paradise  is 
figurcHi  in  the  up(Xtr  part  uf  the  plate  on  p.  424.  The 
breast  and  upper- surface  are  nearly  black,  but  in  certain 
lights  rich  tints  of  purple  or  green  become  visible.  The 
top  of  the  head  is  velvety  and  uf  a  purplish  bronze ^  the 
back  and  shoulders  a  bronzy  green,  while  the  closed  >^4ngs 
and  tail  are  of  the  most  brilliant  violet  purple,  and  all  of 
tm  exquisite  silkj  gloss.     The  ma^s  rf  Wmd  ^^V\\Vk\v!Si  ^^w 
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the  breast  are  bordered  with  glitteiiDg  baods  of  ememld 
green ;  while  the  large  tufts  of  Huffy  plume*}  on  the  lower 
part  of  the  hody  are  of  a  rich  buff  yelbw.  This  fades 
intf»  white  after  the  drietl  skins  have  been  exposed  to  the 
light,  hL*nce  the  misleatling^pc^eific  name  of  SeUmides  aiha. 
On  eaeh  side  six  of  these  tiufty  plumes  have  the  shaft 
elongated  int<>  curled  black  wii'cs^  about  ten  inchcH  long 
and  bent  outwarda  ^Vo  have  here  one  of  the  finest  con- 
trasts of  colour  and  strangest  developments  of  plumage 
even  in  this  wonderful  fjimilj.  This  species  is  found  in 
the  north-western  peninsula  of  tht?  grcjat  island. 

All  the  birds  of  jmradise  are  exceedingly  active  and 
vivacious,  the  males  meeting  together  in  rivalry  to  display 
their  gorgeous  plumage,  while  the  female  birds  are  always 
unoniauienttKl  and  art^  usually  plain  or  positively  dingy  in 
their  colouring.  From  an  unknown  antiquity  the  natives 
of  New  Guinea  have  lx?en  accustomed  to  preserve  the 
skins  of  these  beautiful  birtls,  and  barter  them  with  the 
Malay  traders,  by  whom  they  were  univers^illy  known  as 
*' burong  niati,*'  or  dead  birds,  because  they  had  never 
seen  them  alive.  As  the  natives  used  always  to  cut  off 
the  feet  in  order  t<j  preserve  them  mort*  easily,  the  Malay 
and  Chi  neat?  tmdt-i^  cancluded  that  they  had  none ;  and 
all  sorts  of  stories  wei-e  ti>ld  about  their  living  continuaHy 
on  the  wing,  and  being  in  fact  birds  of  heaven,  whence 
originateil  the  names  of  '^  Binls  of  Paradise  "  and  '*  Birds  of 
the  8un/' gi%^en  them  by  the  early  Portuguese  and  Dutch 
writrers.  Down  to  I  TOO  the  skins  of  these  birds  never 
reached  Europe  with  feet  attached  to  them^  and  the  great 
Linnaeus  recorthxl  the  fact  by  naming  the  largest  kind 
Paradisea  npoda,  or  footless  Bird  of  Paradise,  a  name  by 
which  it  m  still  known  among  men  of  science.  The 
natives  also  generally  cut  off  the  wings,  so  as  to  give 
greater  prominence  Ut  the  ornamental  feathers ;  and  this 
gives  the  binls  an  altogether  different  a[)pearancc  from 
what  thev  really  |Kvssess  in  a  living  statcporwhen  properly 
preserved. 

By  far  the  greater  number  of  these  binls,  and  those  of 
the  richest  colours  and  most  remarkable  plumage,  live  on 
the   mainland   of  New  Guinea,  and  they  are   especially 


k 


4^ 


STUDIES,  SCIENTIFIC  ABD  SOCIAL 


abundaQt  in  the  moimtains  af  the  north-western  peninsula, 
where  the  Italian  and  German  nat^iralists  alreatly  referred 
to  obtained  fine  spec  i  in  ens  of  all  the  known  kinds.  In  tht; 
south-east  a  new  species  has  been  disco veiml,  but  only  two 
or  throe  sorts  are  taund  there  near  the  coast ;  and  as  they 
are  also  in  little  variety  in  the  lowland  districts  of  the 
north-west,  it  becomes  pretty  certain  that  they  are  more 
especially  mountain  binls.  We  may  therefore  confidently 
expect  that,  when  the  great  ranges  of  the  interior  are 
visiited  and  explored  by  natumlist^,  other  and  perhaps 
still  more  wonderful  species  will  be  diiscovered.  It  is  in- 
teresting to  note  that,  with  the  exception  of  one  very 
peculiar  species  diaeuvered  by  myself  in  the  Moluccas,  all 
the  Birds  of  Paradise  are  found  within  the  hundred  fathom 
line  around  New  Guinea,  and  therefore  on  lands  which 
have  probiibly  been  connected  with  it  at  a  comjmrativelT 
recent  i>eriod, 

Since  the  preceding  account  was  first  published,  colleo 
t<3rs  in  South-eastern  New  Guinea,  Vtoth  German  and  Britii>h^ 
have  discovered  a  considerable  number  of  new  si>eeies  of 
these  birds  in  the  mountainous  interior.  The  majority  of 
these  are  more  or  less  closely  allied  to  the  typc?s  already 
known,  though  sometimes  more  richly  coloured  or  with  a 
greater  development  of  plumage.  Such  ai"e  several  new 
species  of  the  genus  Paradisea  or  true  Birds  of  Pamdise, 
ami  the  fine  new  six*shafted  Bird  of  Pamdise  (Faroim 
Caralw).  This  last  is  from  the  mountains  of  German 
New  Guinea! j  and  is  distinguished  by  the  brilliant  bands 
on  the  back  of  the  head,  which  are  of  iridescent  violet, 
blue  and  green,  while  the  crown  is  deep  orange.  Broad 
curved  bands  of  silvery  white  over  the  eyes  meet  at  the 
base  of  the  beak.  The  scaly  metallic  feathers  of  the 
breast  are  rosy* violet  and  green,  while  the  great  tufts  of 
side-plumes  are  pure  white  in  the  upper  portion,  bright 
chestnut  in  the  middle,  shading  to  nearly  black  in  the 
lowest  portion.  The  photogmph  (Fig.  63)  is  taken  from 
a  coloured  plate  which  illustrates  the  description  by  Dr* 
A.  B.  Meyer,  of  the  Dresden  Royal  Museum.  The  old 
species,  of  which  this  is  a  more  brilliant  form,  was 
described   by  Bufltbn   more  than  a  century  ago^  apd  ia 
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figured    and  describod    in  my  Malay    Archi^wla^a    (p. 

Much  more  remarkable,  however,  h  another  s^pecies 
described  and  figured  by  Dr,  Meyer  from  the  same  part 
of  the  island.  The  general  phnnaj^e  of  this  birtl  is  by  no 
means  so   briHiant  as  usual  in  the   family.     The  upper 


>  % 
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parts  are  velvety  purple-black  with  olive  green  glosses , 
the  crown  and  lateral  crests  and  the  throat  are  pui'plc- 
btack  ;  the  breast  is  ochre-yellow ;  and  the  black  wing- 
feathers  are  margined  towards  the  base  with  rusty  red. 
But  its  niost  striking  and  altogether  unique  feature  con- 
sists of  the  two  long  curvtid  appendage^s  which  spring  from 
the   outer  comer  of  each   eye  close  to  the  tear-gland. 
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These  are  fourteen  inches  long,  the  bittl  iteelf  from  beak 
to  tail  being  about  eight  inches.  They  can  hardly  be 
called  feat  hen? ,  since  they  consist  only  of  a  slender  shaft 
from  the  outer  side  of  which  grow  a  series  of  sab- 
quadrangular  thin  homy  lamellae  resf?niblin.^  the  fronds  of 
some  ferns.  These  lameUie  are  of  a  bt^iutifnl  blue  colour 
(called  by  Dr.  Meyer  "  forget-me-not  blue  "),  thus  strongly 


Fm.  04.— Tii«  nuiif'itiAMSfo  imp  or  rAHAPmi  (r^rrubjgJkoni  JttMrti^ 

contrasting  with  the  whole  of  the  body  eoloxira,  and  con- 
stituting  one  of  the  most  striking  and  beautiful  omanieut« 
to  be  found  not  only  in   this  wonderful   family  but  in  the 
whole  clas^  of  birds.     Even  in  this  rich  and  still   largely 
unknown  island  we  can  hardly  expect  to  discover  anything  I 
that  will  suqjass  this  bird  in  eccentricity  and  beauty.     It  I 
has  been  named  FUf'iikiphym  Aiherti,  3,(ieT  King  Albert  of  I 
Saxony,    The  |)hofcogra[)h  from  the  coloured  plate  ahowal 
the  general  character  of  the  species. 
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■     Two  other  gpecies  ai^  swfiiciently  beautiful  and  distinct 

Hlobe  hpre  referiTd  ti>,  ami,  by  the  kindness  of  Dn   R.  B. 

HBAl^rtje  and  Me^isrs,  H,  Hotheran  and  Co.,  1   am  allowed 

to   give   a  photographic   rt*duction   of  the  plates  which 

illustrate  the  former  gentleman's  beantifuf  monogmph  of 

the  family.     The  first  is  Rothschild  s   Bird  of  Paradise. 


Wta.  Aft.— iioTiiic:nii.ii'ii  mitti  or  paaaduni  (Aairapia  tpiendidktima). 


This  magnificent  bird  somewhat  resembles  in  general 
form  the  old  ParatHsd  Pie  {Astrapiu  ni^a)  briefly 
described  in  my  Malay  Arckipeiago  (p,  4t35),  and,  like 
it,  has  none  of  the  greatly  lengthened  featherj^  ornaments 
which  usually  characterise  the  species  of  this  family,  but 
it  far  suqiasBes  that  species  in  its  varied  and  brilliant 
.colouring,  which  are  veiy  inadequately  indicated  in  the 
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photo^ii|>h  Uiken  from  an  iincoloured  platt!.  The 
general  grounil  culour  is  velvet)-'  bliick  with  rich  inettillie 
purple  and  green  reflections  on  the  back ;  the  head  and 
neck  above  show  variouB  i^ hades  of  metallic  green  and  violet, 
with  the  hinder  portion  rich  emerald  green.  The  curved 
bands  on  the  throat  are  metallic  green  and  blue,  with 
some  fiery  crimson  beneath  the  eye  ;  the  feathers  on  the 
sides  of  the  breast  are  edged  with  metallic  steel  green. 
The  tail  is  glossed  with  purple,  the  two  centre  feathers 
being  largely  creamy  white.  The  total  length  of  this  bird 
is  fifteen  inches*  and  in  its  extreme  brilliancy  it  resembles 
some  of  the  gorgeous  humming  birds  on  a  gigantic  scale, 
It  was  found  near  the  base  of  the  Charles  Li>u]s  mouo- 
faiins  in  Dutch  New^  Ouinea,  almost  opposite  the  Aru 
Islands, 

The  other  species  referred  to  above  is  almost  as  peculiar 
and  extraonlinary  as  the  wonderful  fern  -  bearing  Bird  of 
Paradise,  while  its  general  plimiage  is  fiir  more  beautiful. 
This  is  the  Prince  Rudolph  s  Bird  of  Paradise  from  the 
Ow^en  Stanley  mountains  in  south-e^ist  New  Ouinea,  An 
examination  of  the  figure  here  given  (Fig.  66)  shows  that 
this  bird  possesses  a  very  full  development  of  the  character- 
istic breast  an<l  body  plumes  of  the  family,  and  these  difter 
from  all  other  known  species  in  being  of  various  shades  of 
blue,  instead  of  yellow  orange  or  red  as  in  the  correspond- 
ing plumes  of  other  species.  The  head,  neck,  and  lK>dy 
both  above  and  beneath  are  velvety  black  with  a  yellowish 
green  metallic  sheen  on  the  head,  the  eyelashes  being  long, 
si  Iky  J  and  white :  the  nape  is  a  cheny  brown,  and  the 
back  greenish  blue  bhick.  The  wings  above  are  blue,  the 
feathers  edged  with  brighter  blue ;  the  large  bi^ajst-shield 
hivs  blue  and  green  glosses  on  the  upper  jiortion,  with  n 
broad  blue  band  across  the  lower  part  of  it.  The  onia* 
mental  lateral  plumes  are  in  three  series,  the  longer  being 
i-ather  rigid,  of  a  bright  ultramarine  blue  passing  into  lilac 
at  the  ends,  the  next  shorter  series  are  bright  cobalt  blue 
pasHing  into  bright  greenish  blue  at  the  tips,  while  the 
broad  coverts  are  chestnut  brown  near  the  breast,  black  at 
the  sides.  The  tail  is  blue  above  with  brighter  edgings, 
the  two  very  long  shafts  being  black,  with  a  light  blue  spot 
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^on  the  apoon-shaped  tip.  The  bill  is  yellowish  white. 
The  feiiiale  i^j  black  on  the  head  and  back,  rusty  brown 
bee eat L 


This  may  well  be  termed  the  Blue  Bird  of  Paradise,  and 
in  itj^  whole  colomtion  m  mast  distinct  from  all  other 
known  species  of  the  family.     But  as  ao  many  of  these 
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.strange  and  beautiftil  birdf?  huve  been  discovered  in  the 
north-western  and  sonth-east-ern  peninsulas  of  this  great 
island,  while  a  space  of"  about  000  miles  long  by  BOO  wide, 
contfiining  a  great  snow-topped  rnuimtain  ra.nge,  remains 
wholly  unknown,  there  must  be  no  lack  of  new  and 
perhaps  still  more  wonderful  forms  to  reward  the  next 
generation  of  explorers  and  collectors. 

In  the  latter  part  of  the  eighteenth  century,  eight  species 
of  these  remarkable  birds  were  known*  and  by  the  middle 
of  the  nineteenth  these  had  been  increasetl  to  thirteeD. 
Btjt  since  the  occupation  of  eastern  New  Ouinca  by  the 
British  and  Germans  a  rapid  increase  has  taken  place.  In 
the  last  edition  of  my  Malay  Arcldpdago  in  1890  I  was 
able  to  enumenite  37  species  ;  and  at  the  present  time  Mr, 
Ernst  Hartett  infonns  me  that  52  spL*cies  are  know^n,  but 
as  he  incliides  two  species  of  M^uiucodia,  which  I  have 
omitted  from  the  family,  the  number  of  undoubted 
Paradise  birds  now  known  may  be  safely  placed  at  50, 

Why  such  wonderful  birds  should  have  been  developed 
here  and  nowhere  else  is  a  mystery  we*shall  perhaps  never 
completely  sfjlve ;  but  it  is  probably  connected  with  the 
absence  of  the  higher  tj^es  of  the  smaller  arboreal  mam- 
malia, many  of  which  are  especially  destructive  to  eggs 
and  young  birds,  together  with  the  protection  affonled  by 
luxuriant  equatorial  forests.  The  only  other  country  in 
which  similar  strmige  developments  of  plumage  and  equally 
su|H*rb  coloum  are  found  is  Equatorial  America,  where 
somewhat  similar  conditions  prevail,  and  where  mammalia 
of  a  low^  grtide  of  organization  have  long  predominated. 
Whatever  may  be  the  causes  at  work,  their  action  has  not 
been  resti'icted  to  the  Paradise  birds*  Nowhere  else  in 
the  world  are  Pigeons  and  Parrots  so  numerous  and  m 
beautiful  as  in  New  Guinea,  The  great  crowned  pigeons, 
the  largest  of  the  whole  family  and  rivalling  the  largest 
game  birds,  were  first  described  by  Dampier  as  '*  a  stJ^tely 
land -fowl  about  the  size  of  the  dunghill  cock,  sky  coloui^d, 
but  with  a  white  blotch  and  reddish  spots  about  the  wings, 
and  a  long  bunch  of  feathers  on  the  crown  "  (figured  at 
the  bottom  of  the  plate  on  p.  424>,  Many  of  the  fruit- 
beautiful,  being  adorned  with  vivid 
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mderfully  varied,  mcludi 
ajitl  the  white  cockatoos ;  the  lorieSi  varied  with  crimson 
and  purple,  green,  yellow,  and  black  ;  while  there  are 
stninge  little  crested  green  parrots  hardly  larger  than  our 
blue  tit — the  srnallest  of  the  jjarrot-tribe,  as  the  great 
black  cockatoos  are  the  largest.  KingfisherSj  toOj  are  re- 
markably abundant,  and  incliHle  several  of  the  fine  racquet- 
tailed  species,  with  plumage  of  silver)^  bhie,  and  with  white 
or  crimson  breasts.  One  of  these  is  figured  on  the  plate 
at  p.  424.  It  is  the  Tany^iipkra  galatca  of  the  north-west 
peninsula.  It  is  bright  blue  and  white,  with  a  coral  red 
bill.  Many  other  groujjs  of  birds  iti^e  also  adorned  with 
exceptionally  gay  colours  ;  and  a  careful  comparison  with 
the  birds  of  other  countries  shows,  that  nowhere  in  the 
world  is  there  so  large  a  proportion  of  the  whole  number 
of  species  adorned  w^ith  brilliant  hues.  Among  insects 
the  same  thing  occurs,  though  not  in  quite  so  marked  a 
degree ;  yet  the  superior  beauty  of  many  grou[jis  of  beetles 
over  the  corresjKJnding  groups  in  Borneo  is  very  distinct ; 
and  the  same  is  to  some  extent  the  case  with  the  butter- 
flies and  moths. 

Independently  of  the  beauty  and  singularity,  the  great 
number  of  species  of  birds  inhabiting  New  Guinea  is  very 
remarkable.  Considering  that  there  are  no  resident  col- 
lectors in  the  island^  and  that  our  knowledge  is  wholly 
derived  from  travellers  who  have  spent  a  few  weeks 
or  months  on  the  extreme  northern  or  southern  cmvsts 
only,  leaving  the  great  mass  of  the  interior  wholly  un- 
explored, the  nmnber  of  land-biixis  already  known  is 
surprising. 

Mr.  Ernst  Hartert,  the  curator  of  the  Hon.  L.  Walter 
^Buthschild  s  museum  at  Tring,  has  kindly  given  nje  the 
iber  of  birds  known  to  inhabit  the  Papuan  area,  that 
is  New  Guinea,  and  those  small  islands  immediately  around 
it  and  sepamted  from  it  by  a  shallow  sea  either  wholly 
within  or  only  just  beyond  the  100  fathom  line.  These 
are  the  Aru  Islands^  Mysol,  Waigiou,  the  islands  in  Geelvink 
Bay,  and  those  neai*  the  east  end  of  New  Guinea.  The 
number  of  true  land-  birds  now  known  from   these   islands 
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is  about  *r70 ;  and  there  can  be  little  doubt  that  within  a 
dozen  more  yeai^  they  will  reach  800. 

If  we  compare  this  number  with  those  of  other  tropica) 
islands  on  the  globe'  weshallfiiifl  a  rcmarkablu  snp?riority. 
Next  in  si^e  is  Borneo,  long  th^mght  to  be  the  largest  true 
island  on  the  globe,  and  more  fii\'ourably  situated  in  its 
proximity  to  the  Asiatic  continent ;  yet,  e^^en  if  we  allow 
for  considei"able  additioos  during  the  last  ten  years,  it 
possesses  less  than  450  land-binls.  Next  comes  Madagas- 
car j  about  two-thirds  the  area  of  the  Papuan  islands,  yet 
it  possesses  barely  200  species  of  land-bird^,  although  here 
again  its  position  with  regard  to  Africa  seems  verj^  ad- 
vantageous. The  whole  of  the  West  Indian  Islands 
(excluding  Trinidad)  forming  the  Antillean  sub-region, 
has  about  one-thirtl  the  area  of  New  Guinea,  but  being 
scattered  over  a  larger  extent  of  sea  and  being  in  close 
proximity  to  two  continents  from  both  of  which  it  receives 
numerous  emigiunts,  would  seem  to  be  very  advantageously 
situated  i  yet  it  has  less  than  300  species  of  land -birds. 
Then  we  have  the  great  island*continent  of  Australia, 
with  an  area  of  close  on  3,000,000  square  miles,  or  about 
nine  times  that  of  the  Papuan  islands,  with  the  advantiige 
of  both  tropical,  sub-tropic^ii  and  tempenite  c]imat^>s,  yet 
possessing  less  than  500  species  of  land-binls. 

These  comparisons  render  it  certain  that  as  regards  a 
rich  and  magnificent  bird-fauna  no  islands  in  the  world 
can  compare  with  New  Guinea,  and  it  seems  doubtful 
whether  any  equal  area  within  the  tnmics  contains  a  larger 
number  of  species.  When  we  consitler,  further,  that  less 
than  half  its  area  is  known, and  even  that  portion  very  imper- 
fectly, while  its  most  exti?nsive  mountain  ninges  are  quite 
unexplored,  it  becomes  ahnost  certain  that  New  Guinea  will 
ultimately  rank  as  the  richest  bird-district  in  the  whole 
world — a  verj^  ornithological  paradise  fi>r  the  collectors 
and  bird-lovei's  of  the  Twentieth  Century. 

The  Papuans. 

The  peculiar  mce  of  mankind  inhabiting  this  great 
island  attracted  the  attention  oi'  the  earliest  voyageiij,  and 
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the  country  was  called  New  Guinea  from  the  resemblance 

of  its  inhabitants  to  the  Negroes  of  Africa,  I'emovef I  from 
them  bj  nearly  one-thii^  the  ci  re  am  tore  nee  of  the  globe. 
The  early  writers,  however,  term  the  people  Papiuvs  or 
Papuans,  a  Malay  term  given  to  them  on  account  of  their 
woolly  hair,  so  different  from  the  perfectly  stmight  hair  of 
almost  all  the  other   Eastern   races.      The   Malay  word 

papuwah  *'  or  *'  pnwah-puwah,"  means  frizzled  like  wool ; 

.nd  the  Malays  still  call  these  people  '*  orang  papitwah  '* 
S^w^ooUy- haired  men,  and  the  island  itself,  '*  Uimi  papuwah  *' 
- — ^tbe  land  of  the  woolly- haired. 

It  is  a  very  remarkable  fact  that  woolly-haired  people 
should  be  found  in  two  stich  w^idely-separated  areas,  and 
with  very  few  exceptions,  nowhere  else  in  the  world.  In 
Africa  they  occupy  the  larger  portion  of  the  continent, 
extending  over  all  the  tropical  and  southern  regions ;  while 
in  the  East  they  are  found  in  a  group  of  islands  of  which 
New  Guinea  is  the  centre,  extending  westward  as  far  as 
Flores  and  eiistward  to  the  Fijis*  There  arc  also  a  few 
outl}ang  groujis  of  woolly-haii*ed  people,  which  are  of  great 
importance  as  indicating  that  this  ty|)e  once  had  a  wider 
extension  than  now.  In  the  Pacific  we  have  the  now 
extinct  Tasmanians ;  and  far  to  the  east,  in  the  midst  of 
the  brown  Polynesians,  we  find  the  inhabitants  of  Penrhyn's 
Island  and  Mangaia,  in  about  158°  west  longitude,  to  be 
of  the  Melanesian  or  dark  race.  In  the  Philippines  there 
18  an  aboriginal  race  of  woolly- haired  dwarfs — the  A  etas 
or  Negritos ;  and  a  similar  descriptive  term  may  be  applied 
to  the  Semangs  of  the  Malay  Peninsula,  and  to  the  natives 
of  the  Andaman  Islands  in  the  Bay  of  Bengal.  These 
various  Eastern  tribes  differ  among  themselve-s  quite  as 
much  as  do  those  of  Africa.  Both  agree,  however,  in  being 
usually  very  dark-skinned,  and  examples  may  be  found  in 
which  Negroes  and  Papuans  are  in  all  respects  very  much 
alike.  But  this  is  exceptional,  and  there  is  almost  always 
a  characteristic  difference  which  would  cause  most  of  the 
Elastem  Negroes  to  appear  out  of  place  on  the  continent 
of  Africa.  The  woolly  hair,  however,  combined  with  the 
dark  akin  and  almost  always  with  a  dolichocephalic  or  long 
sknll,  so  markedly  distinguishes  all  these  people  from  the 
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rest  of  the  mhabitanta  of  the  globe,  that  it  is  impossible 
Dot  to  look  ujjon  them  as  bemg  realty  relatt^  to  e^ich 
other,  and  as  representing  an  early  variation,  if  not  the 
primitive  type  of  mankind,  which  once  spread  widely  over 
all  the  tropical  portions  of  the  eastern  hemisphere.  Suc- 
cessive incui'sions  of  the  lighter^coloured,  smooth-haired 
races  seem  to  have  exterminated  them  in  many  of  the  are^as 
they  onc^  inhabited,  while  in  some  widely-scattei'ed  splits 
a  lew  scanty  remnants  continue  to  exist.  Two  imjNirtant 
groups,  however,  remain  predominant  in  regions  very  far 
apart,  but  each  well  suited  to  their  vigorous  developmeni. 
The  Negrt*  of  Africa  has  been  made  the  servant  of  the 
rnorecivih*zed  racess  from  the  earliest  periods  of  history, 
and  is  better  known  to  ua  than  any  other  uncivilissed 
people;  while  the  Papuan  or  Melanesian,  inhabiting  a 
group  of  tropical  islands  on  the  other  side  of  the  globe, 
stdl  mmains  a  mere  shatlowy  name  to  the  great  majority 
of  English  re^iders.  We  mil  pixiceed  to  point  out  the 
chief  physical  and  men  till  characteristics,  habits^  and  cus- 
toms, of  this  interesting  mce  as  it  exists  in  New  Ouine^i, 
with  occasional  references  to  such  modifications  of  it  ua 
occur  in  the  other  islands. 

We  now  possess  trush  worthy  descriptions  of  the  Papuans 
as  they  exist  at  numerous  locaUties  scattered  all  round  the 
extensive  island  they  inhabit  i  and  the  substantia!  agree- 
ment of  these  descriptions  renders  it  pretty  certain  that 
all  belong  to  one  race,  exhibitingt  it  is  true,  considemble 
variations,  and  occasionally  presenting  undoubted  signs  of 
intermixture  with  other  races,  but  always  showing  a 
decided  predominance  of  tnie  Papuan  characteristics.  In 
stiiturc  they  present  a  medium  between  the  short  Malap 
and  tall  Polynesians ,  the  average  height  varying  at 
difierent  j>arts  of  the  coast  from  five  feet  two  to  five  feet 
eight  inches.  Some  tribes  in  the  interior  are  believed  Ui 
be  as  dwarfish  as  the  Negritos  of  the  Philippines,  while 
others  are  nearly  eqtial  to  the  tall  Fijians,  who  are  often 
considerably  over  six  feet  high.  They  are  stmng  and 
muscular*  but  rather  less  finely  formed  than  many  of  the 
Malayan  and  Polynesian  tribes.  Their  colour  is  usually  a 
choeolate*browTjj  sometimes  almost  black,  at  others  almost 
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as  light  as  some  of  the  Malays,  It  is,  howevor,  by  their 
features  that  they  are  best  distinguished  from  most  other 
races  of  men,  and  especially  by  the  form  and  size  of  the 
nose,  Thia  is  always  large  and  long,  nsually  arched  as 
in  the  Jewish  type,  and,  when  well  developed,  with  the 
extremity  so  lengthened  as  to  hide  the  nostrils  and  over- 
hang the  upper  lip.  This  peculiar  chanicteristic  is  found 
raore  or  less  developed  everywhere  round  the  coast  oi"  New 
Guinea,  so  that  almost  every  traveller  sjjeaks  of  the 
"  Jewish  features  " — the  *'  iiqiiiline  "  or  "  arched  ''  or  '*  very 
prominent  **  noses—or  makes  use  of  other  similar  ex- 
pressions, clearly  showing  that  this  is  the  typical  Papuan 
feature,  a  fact  which  is  further  demonstrated  by  the  un- 
mistJikable^  though  exaggerated,  manner  in  which  it  is 
represented  in  all  their  images  and  ciirvings.  The  nose  is 
als^j  very  thick  and  coarse j  as  is  the  case  in  almost  all  savage 
races,  the  al-e  are  very  oblique,  and  the  base  is  much  de- 
pressed between  the  eyes,  a  chamcter  which  reaches  its 
maxiumm  in  the  natives  of  New  Caledonia  and  the  New 
Hobri<lL\s,  though  the  nose  itself  is  with  them  somewhat 
shorten  The  torehejul  is  rather  Hat  and  retreating,  the 
mouth  large,  and  the  lips  full,  but  not  excessively  thick; 
nor  is  there  any  marked  prognathism.  The  combination 
of  these  peculiarities  in  various  degrees  produces  faces 
which  are  sometimes  ugly  and  savage* looking,  while 
othci*s  have  so  uuich  the  character  of  the  Jew  or  Arab  as 
to  be  really  handsome.  Comj>aring  Papuans  with  typical 
negi*oes  of  Equatorial  Africa  we  find  a  radical  difference 
in  the  small  Hat  nose  and  very  prouiinent  jaws  of  the 
latter,  In  the  Soath  African  races  this  difference  is 
pronounced.  The  Bechuanas  and  Natal  Kaffirs  have 
(jrognathisni  and  a  straighter,  better- formed  nose,  but  this 
gan  is  always  shorter  and  less  arched  than  in  the 
apuam  The  Hottentots  have  often  weli-fonned  features 
and  soinetiuies  have  a  considerable  resemblance  to  the 
less  typical  Melanesians.  The  gi^eatest  resemblance, 
however,  is  to  be  found  between  the  Negritos  of  the 
Philippines — who  have  short  flat  noses  and  somewhat  pro- 
jecting jaws — and  some  of  the  dwarfish  tribes  of  Central 
Africa. 
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The  Papiiiin  contrasts  strongly  with  Malays  and  Poly- 
nej^iatm  in  bt3ing  hairy-bodied  and  tolerably  well  bearti*^. 
but  still  more  so  by  the  wonderfully  luxuriant  growth  of 
the  hair  of  the  head^  which  forms  a  dense  mop  often  pro- 
jecting six  or  eight  inches  from  the  skull.  It  is  crisp, 
glossy,  and  very  elastic,  and  e^ich  separate  hair  naturally 
curb  itself  up  into  aspinil  uf  smalt  diamet.er.  The  degree 
of  twiet  and  coasequent  wrxjllinoss  of  the  hair  seems  to  be 
dependent  on  its  being  o%'^al  or  Hattenod,  iiisteiul  of 
cylindrical  In  the  stmight-haired  races  and  in  most 
Euro]>irans  the  hair  has  a  circular  section,  which  becomes 
slightly  oval  where  it  is  naturally  curly;  but  in  the  Negn^ 
and  Papuan  it  is  much  flattened,  and  has  besides  irregidar 
wavy  margins,  which  seem  to  produce  the  s tiding  Rpiial 
twist.  Those  who  possess  a  large  mop  of  hair  are  very 
proud  of  it,  keeping  it  continually  combed  out  with  a  kind 
of  bamb<xj  fork,  and  using  a  narrow  wmxlen  pillow  on 
which  to  rest  the  nape  of  the  neck,  so  as  to  preserve  the 
hair  from  being  squeezed  out  of  shape.  It  was  long 
thought  that  the  hair  of  these  people  posse^ssed  a  [x>cuhiir 
character  in  growing  in  separate  small  tufts  scattered  uni- 
for  inly  over  the  scalp :  but  more  accumte  examination  shows 
that  it  gi-ows  evenly  over  the  surface  of  the  headland  that 
the  tuftetl  appearance  probably  arises  from  the  tendency 
of  the  sjii rally  twisted  haixs  to  mat  together  in  small  curly 
locks.  The  hair  on  the  body  and  limbs,  though  very  short, 
has  the  same  appearance  and  a  similar  stmcture. 

The  native  of  Dutch  New  Guinea,  hei^  figured  from  a 
good  photograph  (Fig,  67),  well  exhibits  the  special  featurBS 
of  the  type^the  arched  noae  with  elongated  apex,  and  the 
mop  of  frizzly  hair.  In  some  iuflividuals  the  hair  is  even 
more  developed,  but  this  is  rare,  while  in  the  majority  of  the 
peopht  it  is  considerably  shorter,  being  always  frizzlt;d  but 
of  mixlerate  length,  aa  in  the  group  from  Southern  New 
Guinea. 

The  dress  of  these  people  is  very  scanty,  the  men  wearing 
the  usual  T  bandage  of  bark -cloth,  but  in  some  cases  only 
a  shell,  or  even  going  absolutely  naked  ;  whil<?  the  women 
always  wear  some  kind  of  girdle,  froin  which  is  suspended 
a  small  apRin  of  bark  or  a  ftitige  of  leaves.     As  with  most 
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'savages,  ornament  ia  more  attended  to  than  drc*ss,  und  is 
more  nwed  by  the  men  than  by  the  women.  They  often 
pierce  the  sides  uf  the  nt*se,  sticking  in  them  pieces  of  bone, 
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feathers,  or  Uisks  of  the  wild  pig.  The  ears  are  alsn  jjierced, 
and  eithor  shell  earrings  are  w^orn,  or  sticks  oniainented 
with  ft'athei's  art!  stuck  through  the  lobes.     Necklaces  of 
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teeth  or  BhellB  arcr  common,  and  heavy  rings  of  white  shell  or 
plaited  bands  of  grass,  or  pahn-leaf  are  worn  on  the  anna 
The  hair  of  the  men  is  always  carefully  attended  to.  It  is 
conibed  with  a  kind  of  hambo*j  fork  with  fmiror  five  prongs, 
and  this  is  usually  kept  stuck  in  it  both  for  convenience 
and  ornament.  Somo  tribos  cut  and  trim,  or  plait  the 
mop  of  hair  into  various  helmet-like  or  other  fantastic 
shapes,  and  all  adorn  it  with  combs,  sticks,  or  feather 
ornaments.  Suspended  from  the  neck  they  often  wt*ar  a 
small  carved  wooden  figure  with  the  Papuan  features 
greatly  exaggerated.  As  they  freely  part  with  these,  they 
are  probably  mere  ornaments  or  charms,  i^ther  than  idols 
or  fetishes,  Eeg^ular  tattrming  is  unknown,  except  on  the 
south-eastern  p€*ninsula,  where  there  is  an  infusion  of 
Polynesian  blood,  but  most  of  the  men  have  raised  marks 
produced  arti  ficially.  These  geneiul  ty  consist  of  a  few  short 
parallel  lines  on  the  arms  or  breast,  and  are  said  to  he 
formed  by  gashes  made  with  a  sharp  stone  or  bamboo,  and 
the  subsequent  application  of  fire  to  make  the  skin  swell 
up  and  leave  a  prominent  scan      Painting  the  bfM^y  b  not 

fenenilly  practised,  but  some  kind  of  stain  producing  a 
lue-blaek  tinge  has  often  been  observed > 
The  houses  of  the  New  Guinea  people  are  somewhat 
ditferent  in  different  localities,  but  the  most  general  t}7>e  is 
that  found  at  Dorey  Harbiur.  There  is  here  a  considerable 
village  of  large  houses,  built  on  piles  in  the  water  in  the 
usual  Malay  style,  and  houses  similarly  raised  on  posts  (but 
loftier)  are  found  on  the  hills  some  miles  inland.  Each  of 
these  houses  is  large  and  accommcKlates  several  families,  and 
they  are  connected  by  continuous  platforms  of  poles  and 
bamboos,  often  so  uneven  and  shaky  that  a  European  csan 
with  difficulty  walk  on  th<3m,  A  considerable  space 
separatees  this  platform  from  the  shore,  with  which  however 
it  is  connected  by  narrow  bridges  formed  of  one  or  twi> 
bamboos,  supported  on  posts,  and  capable  of  being  easily 
removed.  A  larger  building  has  the  posts  carved  into 
rude  forms  of  men  and  women,  and  is  supposed  to  be  a 
temple  or  council -house.  This  village  is  probably  very  like 
the  pile  villages  of  the  stone  age,  whose  remains  have  been 
/bund  in  the   lakes  oIl  V!^\N\\,TLGi;W\d  M\d  tiiker  countriesw 
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''Similar  houses  are  found  in  the  Am  and  K^  Islands,  in 
Waigiou,  and  on  the  south -west  ccKist ;  and  they  are  also 
common  on  the  south -oast  coast,  sometimes  standing  in 
the  water,  sometimes  on  the  beach  above  high -water  mark. 
These  houses  are  often  a  hundred  feet  long,  and  sometimes 

I  much  more,  and  are  occupieti  by  ten  or  tsventy  families. 
On  the  Fly  river  similar  largu  houses  occur,  but  only  raised 
a  foot  or  two  above  the  ground ;  while  at  the  mouth  of  the 
Utanata  river^  on  the  south-west  cojist,  a  Uirge  low  house 
was  found  a  hundred  feet  long,  and  only  six  feet  wide,  with 
nineteen  low^  doors  :  but  this  was  evidently  only  a  temporary 
seaside  habitation  of   a  tribe  which  had  its   permanent 

■  dwellings  inland. 
Finfling  these  large  houses,  raised  on  posts  or  piles  and 
common  to  many  fomilies,  to  prevail  fn>m  one  end  of  New 
Guinea  to  the  other,  both  on  the  coast  and  inland,  we  are 
led  to  conclude  that  those  described  by  Dr.  Mikluoho 
Maclay  at  Astrolabe  Bay,  on  the  north -efist  coasts  are 
exceptional,  and  indicate  the  presence  of  some  foreign 
element.  The  houses  of  the  people  among  whom  he  lived 
were  not  raised  on  posts,  and  had  very  low  walls,  so  that 
the  somewhat  archeci  roofs  appeared  to  rise  at  once  from 
the  ground.     They  were  of  small  dimensions,  and  seeni 

■  to  correspond  pretty  closely  to  those  of  the  Adniiralty 
Islands,  New  Britain,  and  New  Ireland ;  so  that  this  part 
of  the  coast  of  New  Guinea  has  probably  been  colonized 
from  some  of  the  adjacent  islands,  a  view  supported  by  the 
feet  that  these  people  do  not  use  bows  and  arrows,  so 
general  among  all  the  true  Papuans,  and  by  other 
peculiarities.  It  is  somwhat  unfortunate  that  the  only 
B  srientific  man  who  has  resided  alone  au^ong  these  people 
^  for  more  than  a  year,  for  the  express  purpose  of  studyuxg 
them  exhaustively,  should  have  hit  upon  a  place  where  the 
natives  are  pi'obably  not  true  indigenes  but  an  intruding 
colony,  although  perhaps  long  settled  in  the  country.  Dr. 
3Iiklucho  Maclay  will  no  doubt  be  quoted  as  the  greatest 
living  authority  on  the  Papuans  of  New  Guinea ;  and  it 
^  is  therefore  very  important  to  call  attention  to  the  iact 
[that  the  people  he  so  ciirefully  studied  are  not  tj^ical  of  the 
ce,  and  may  not  even  be  Paputuis  at  all  in  the  restricted 
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sensf  in  which  it  is  usually  applied  tothemaiD  bodjofthe 
aborigines  of  New  Guinea, 

The  Papuans,  as  woll  an  all  the  tiibes  of  dark,  frixzly- 
haired  Melanesians,  make  pjttery  tor  cooking,  thuij  differ^ 
ing  from  all  the  brown  Polynesian  tribes  of  the  Pacific, 
none  of  whom  are  acquainted  with  this  art.  Of  coutis^ 
the  actual  seat  of  manufacture  will  be  dependent  on  the 
presence  of  suitable  materials ;  but  those  who  do  not  make 
it  themselves  obtain  it  by  barter,  so  that  earthenw^are 
cooking  vessels  appear  to  be  in  general  use  all  over  the 
island.  Cups  and  spoons  are  made  out  of  sheila  or  cocoa- 
nuts,  while  wooden  Ixjwls  of  various  sizes,  wooden  mortars 
for  husking  maize  or  rice,  wooden  stools  used  as  pillows, 
and  many  other  articles,  are  cut  out  and  ornamented  with 
great  skill.  A  variety  of  boxes  are  made  of  the  split  leaf- 
stalks of  the  sago  palm,  pegged  together  and  covered 
with  pandanUR  loaveij,  often  neatly  plaited  and  stained  of 
different  colon m,  so  as  to  form  elegant  patterns.  A  variety 
of  mats,  bags,  and  cordage  are  made  with  the  usual  skill 
of  savage  people ;  and  their  canoes  are  often  of  large  size 
and  beautifully  constnicted,  with  high -peaked  ends  orna- 
mented %vith  carvings,  and  adorned  with  plumes  of 
feathers. 

The  weapons  chiefly  used  are  spears  of  various  kinds, 
woof len  swonls  and  clubs,  and  bows  and  arrows ;  the 
latter  being  almost  universal  among  the  true  Papuans 
and  most  of  the  allied  frizzly-haired  races,  while  the 
Polynesians  seem  never  to  possess  it  as  an  indigenous 
weapon.  It  is  very  singular  that  neither  the  Australians, 
the  Polynesians,  nor  the  Malays  should  be  acquainted  with 
this  weapon,  while  in  all  the  great  continents  it  is  of  un- 
known antiquity,  and  is  still  largely  used  in  America, 
Asia,  and  Africa.  Peschel,  indeed,  attempts  to  show  that 
the  Polynesians  have  only  ceased  to  use  it  on  account  of 
the  absence  of  game  in  their  islands ;  but  mammalia  are 
almost  equally  sairce  in  the  New  Hebrides,  where  it  is  in 
constant  use  even  in  the  smallest  islands ;  whilst  in 
Australia,  where  they  abound,  and  where  it  would  be  a 
most  useful  weapon,  it  is  totally  unknown.  We  must 
t/ien?fo|^.^ld  that  the  usfc  ^1  \>\\^  W^  ^^d  iirrow  by  the 
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Papuans  is  an  important  ethnological  feature^  distinguish- 
ing them  frura  all  the  peoples  by  whoni  they  are  imme- 
diate ly  f!iHToiinded  anff  connecting  them,  iks  do  their 
physical  ptK]uliarities,  with  an  ancient  widespread  negroid 
type. 

In  their  knowledge  and  practice  of  aginculture  thu 
Papuans  show  themselves  to  be  far  superior  to  the  Austra- 
lians, and  fully  the  equalB  of  the  Polynesian  races.  They 
grow  cocoa-nuts  and  bread-fnut,  and  cultivate  various 
kinds  of  yam,  Bweet'pi>t4ito»  bananas,  and  sugar-cane. 
Though  pt>sst*ssing,  for  the  niont  part,  only  stone  axoB, 
they  clear  the  forest  to  make  their  plantations,  which 
they  carefully  fence  round  to  keep  out  the  wild  pigs. 
Looking  at  these  clearings^  at  their  houses,  their  canoes, 
their  implement's,  weapons,  and  ornaments  often  elabo- 
rately  carved,  we  must,  as  Dr.  Maclay  remarks,  be  struck 
with  a8t*:)nishment  at  the  g^reat  patience  and  skill  dis- 
played by  these  savages.  Tlaeir  chief  implement,  the  axe, 
consists  of  a  hard  grey,  green,  i>r  white  stone,  miide  smooth 
and  sharp  by  long  grinding  and  polishing.  A  piece  of 
the  stem  of  a  tre^  which  has  a  bmnch  jxissing  on  at  an 
angle,  S4iniething  like  the  figure  T,  is  hewn  off,  and  upon 
the  branch,  which  has  been  cut  off  short  and  shaven  at 
the  top,  the  stone  is  iakl  horizontally,  and  bound  fiist  with 
split  rattans  or  ttmgh  biirk.  Such  an  instrument  requires 
to  be  used  with  great  skill,  only  to  be  attained  by  prac- 
tice, or  the  j^tone  will  be  broken  without  producing  any 
result.  These  Siivages  can,  howe\er,  with  a  stone  axe 
having  a  cutting  edge  only  two  inches  l>r<>atl,  fell  a  tree- 
trunk  of  twenty  inches  diameter,  or  carve  really  line 
figures  on  a  post  or  spear.  Each  adult  uuin  iH>ssessesone 
such  axe,  but  in  every  village  there  ajv  usually  one  or  two 
larger  two-handed  axes,  which  are  about  three  inches 
broad.  These  are  considered  exceedingly  valuable,  and 
are  only  used  for  cutting  large  trees  for  canoes  or  other 
iuT[n:>rtant  work.  Fragments  of  flint  and  shells  are  used 
for  finishing  carved  work  and  cutting  the  nmamental 
patterns  on  bamboo  bjxes,  jus  welt  as  for  making  combs, 
spoons,  arrows,  and  other  small  articles.  For  cutting 
meat  and  vegetables  a  kind  of  chisel  of  bone  and  knives 
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of  bamWj  are  made  usti  of  On  thtj  north-west  and 
south-west  ctjaj^ts,  where  the  people  have  long  twBen  in 
communication  with  Malay  traderSp  they  have  iron  totals 
and  weapons,  anil  cultivate  also  maize  and  a  little  rice  and 
millet,  an<l  ha%*e  the  papaya  as  an  arlditional  fruit  and 
veget-able  ;  and  they  also  grow  tobacco »  of  which  they 
make  huge  cigars.  At  Dorey  they  have  leiinit  to  work 
iron,  and  make  s^wonis  and  ehoppei^  as  well  as  iron  points 
to  their  arrows  and  spears. 

The  daily  ro<*d  of  these  people  consists  of  some  of  the 
vegetables  alre^uiy  named,  of  which  they  have  a  pretty 
C4jnstant  supply,  together  with  fruit^j  fish,  and  occasion- 
ally the  tieah  of  the  wild  pig^  the  cuscus,  or  of  birds  caught 
in  snares  or  shot  with  arrows.  They  also  eat  shell^tiah, 
lizards,  and  almost  every  kind  of  large  insect,  especially 
beetles  and  their  larvse,  w^hich  are  eaten  either  raw  or 
cooked.  Having  no  salt,  they  mix  sea-water  with  that  in 
which  they  conk  their  foo*i,  and  this  is  so  highly  esteemed 
that  the  people  of  the  hills  carry  away  bamboos  full  of 
salt  water  whenever  they  visit  the  coast. 

The  plantations  are  usually  made  at  some  distance 
inland  for  safety,  and  after  the  ground  is  cleared  and 
fenced  by  the  men,  the  cultivation  is  left  almost  wholly  to 
the  women,  who  go  every  day  to  weed  and  briag  home 
some  of  the  produce  for  the  evening's  meat  They  have 
throughout  the  year  a  succession  of  fruits  and  vegetables 
either  wild  or  cultivated,  and  are  thus  never  half-starved 
like  the  Australians.  On  the  whole  the  women  are  well 
treated  and  have  uiuch  liberty,  though  they  are  considered 
as  inferiors,  and  do  not  take  their  meals  with  the  men. 
The  children  are  well  attended  to,  and  the  fathers  seem 
very  fond  of  their  boys,  and  often  take  them  when  veij 
young  on  their  fishing  or  hunting  excursions* 

As  in  the  case  of  most  other  savages,  we  have  very 
different  and  conflicting  accounts  of  the  character  of  the 
Papuans.  Mr.  Windsor  Earl  well  remarks,  that,  whenever 
civilized  man  is  brought  into  friendly  coramumcation 
with  savageSj  the  disgust  which  natm^ally  arises  from  the 
first  glance  at  a  state  of  society  so  obnoxious  to  his  sense 
at'  propriety,  disappears  b^foxe  ^  ^V^o^^t  ujc^uaintance,  and 
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ke  learns  to  regard  their  little  delinquencies  as  he  would 
those  of  children;  while  their  kindliness  of  disposition  and 
natuml  good  qualities  begin  to  be  recognized.  Thus  many 
writers  make  highly  favourable  statements  respecting  the 
Papuan  character  and  disposition ;  while  those  whose 
communications  with  them  have  been  of  a  hosiilc  nature 
are  so  impressed  with  their  savage  cunning  and  ferocity, 
and  the  wild-beast-like  nature  of  their  attacks,  that  they 
will  not  recognize  in  them  any  feelings  in  common  with 
more  civilized  races. 

Many  of  the  early  voyagers  record  nothing  but  hostility 
or  treacherous  murders  on  the  part  of  the  Papuans. 
Their  visits  were,  however,  chiefly  on  the  north-west  and 
south-west  coasts,  which  the  Malays  have  long  been  accus- 
tomed to  visit  not  only  for  commerce  but  to  capture 
slaves.  This  having  become  a  regular  trade,  some  of  the 
more  warlike  const  tribes,  especially  those  of  On  in  in 
McCluers  inlet,  have  been  accustomed  to  attack  the 
villages  of  other  tribes,  and  to  capture  their  inhabitants, 
in  order  to  sell  the  women  and  children  to  the  Malays, 
It  is  not  therefore  surpri.sing,  that  unknown  armed  visitors 
to  these  coasts  should  be  treated  as  enemies  to  be  resisted 
and  if  possible  exterminated.  Even  Kuropeans  have 
sometimes  increased  this  feeling  of  enmity  through  ig- 
norance of  native  habits  and  customs.  Cocoa-nut  trees 
have  been  cut  down  to  obtain  the  fruit,  apparently  under 
the  impression  that  they  gi'ew  wild  and  were  so  abundant 
as  to  be  of  little  value ;  whereas  every  tree  is  considered 
as  private  property,  as  they  supply  an  important  itrticle  of 
food,  and  are  even  more  valued  than  the  ehoiccbt  fruit- 
trees  among  ourselves.  Thus  Schouten,  in  161(),  sent  a 
boat  welUarmed  to  bring  cocoa-nuts  from  a  gn.ive  of  trees 
near  the  shore,  but  the  natives  attiicked  the  Europeans, 
wounded  sixteen  of  them,  and  forced  them  to  retire. 
Commodore  Roggewen,  in  1722,  cut  down  cocoa-nut  trees 
on  the  island  of  Moa  on  the  north  coast,  which  of  course 
brought  on  an  attack.  At  other  times  houses  have  been 
entered  in  the  absj^ence  of  their  owners,  a  great  offence  in 
the  eyes  of  all  savage  people  and  at  once  stamping  the 
intruder  as  an  enemy. 
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On  the  other  hand  Lieutenant  Bniijn  Kop^,  who  v^sit^j^tl 
the  north-west  coast  of  New  Guinea  in  1850,  gives  tlit; 
following  account  of  the  inhabitants  of  Dorey : — 

**  Their  tnatmerH  nnd  eustotD^  lU^  luucli  lo»&  burbArous  tJi&n  might 
be  eJCpectecL  On  the  contrary  they  give  evidence  of  a  mild  disfpo- 
sidon,  of  jin  InoUnattoii  t^n  right  and  jitiftice^  and  stTi>ng  moml 
Iirincijilei*.  Theft  is  ooOfsideFed  V>y  them  as  n  gruve  offence,  aod  is 
pf  very  rare  fjccntn^nce.  Tbey  huve  no  fi&steniiigsi  t<t  their  hoUji<^, 
yet  seldom  or  never  b  anything  stc*len*  Although  they  were  vn 
DOftrd  our  ship  or  alongside  during  whole  days,  we  never  nif 
anything.  Yet  they  are  dLstruitfuJ  of  strangers^  until  they  b^ 
acquainted  wtth  Ihem,  Af)  we  experienced*  Thj^j  m  probably  1 
however,  a  trait  of  their  character  than  thefasiilt  uf  intercourse  with 
ittrangerH  who  i^jrhajifl  had  frequently  tried  to  cheat  them.  The  men, 
it  la  tarue,  came  on  board  from  the  time  of  our  arrif al,  but  they  wei^ 
reiy  cautious  in  letting  any  of  the  things  they  brought  for  s%le  oufcof 
th^  hands.     The  women  were  at  Erst  refy  f^rfid  and  0ed  i 

8id«s  when  they  saw  ufi,  leaving  behind  what  they  might  b©  <     

ing  ;  but  at  length  when  they  found  they  had  no  injury  to  drend 
from  u^  they  l>ecame  more  familiar.  Finally^  they  approached 
without  being  invited,  hut  remained  tiuiid.  The  children  vety 
soon  became  accuHtj>med  U^  n^^  and  followed  uh  everywhere. 

^*  Respect  for  the  aged,  hive  for  their  children,  and  fidelity  to 
their  wivea^  are  traita  which  reflect  honour  on  their  di/»|KJ«iiioii. 
Chastity  is  held  in  high  regard,  and  is  a  virtue  that  is  s<?ldoii» 
transgresitMsd  by  them.  A  man  can  only  have  one  wife,  and  is  briund 
to  her  for  life.  Concubinage  is  not  i)ern»itted.  Adultery  i»  tiiikiiown 
among  them.  They  are  generally  very  fond  of  strong  drink,  but 
although  they  go  to  exce^^  in  thii^,  I  could  not  learn  tlmt  they  ptij^ 
pared  any  fermented  liquor,  not  even  safp^weifr  orhmk  (palm  wine] 
Kidnapping  is  genei-al  in  these  countriea,  and  is  followed  as  a  liranch 
of  tr^Mle,  so  that  there  is  no  dishonour  attached  to  it*  The  captives 
are  treated  well^  are  changed  if  there  are  any  of  theirs  in  the  enemy^a 
handHf  or  released  on  payment  of  a  ransom,  as  was  the  c^ae  in  Europe 
in  the  middle  agea/* 

My  own  experience  of  the  Papuans  at  Dorey,  in  1858, 
agrees  with  this  account ;  and  as  I  lived  there  for  four 
months  with  cmlyfcmr  Malay  serv an tti,  going  daily  unarmed 
into  the  forests  Uj  collect  insects,  I  was  completely  in  their 
power   had   they  wished   to   attack   me,     A   remarkable 

?roof  of  their  honesty  occurred  to  me  at  the  island  of 
i^aigiou,  where  a  man  who  had  received  payment  in 
advance  for  Red  Birds  of  Paradise,  brought  back  the  money, 
represented  by  an  axe*  when  after  trpng  for  several  weeks 
he  had  failed  to  catch  any*    Another,  who  had  received 
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^  payment  for  six  birds,  brought  me  in  the  fifth  two  days 
before  I  was  to  leave  the  island,  and  inimecUately  started 

off  for  the  forest  to  seek  another.  Of  eourae  I  never 
expected  to  see  hitn  again,  but  when  my  boat  was  loaded, 
and  we  were  just  on  the  point  of  starting,  he  came  running 
down  to  the  beaeh  holding  up  a  binl,  which  he  handea 
to  me,  saying  with  evident  satislactiou — **  Now  I  owe  you 
nothing,"     My    assisUuit,    Mr.    Allen,    venturing    alone 

I  among  the  mountaineers  of  the  north-west  j)eninsuta,  found 
them  peaceable  and  good-natured,  Drs.  Meyer  and 
Beccari  and  Signor  D'Albertis,  penetrating  inland  beyond 
Dorey,  were  never  attacked  or  seriously  oppoiicd ;  and  i)r, 
Miklucho  Maclay  suddenly  appearing  at  Astrolabe  Bay, 
among  people  who  aeein  never  to  have  had  any  com- 
munication with  Europeans,  soon  established  friendly 
relations  with  them,  although  subject  to  great  trials  of 
temper  and  coumge  at  the  outset. 

His  experience  with  them  is  very  instructive.  They 
appeared  at  fii*st  distrustful  and  suspicious  of  his  inten- 
tions, as  well  they  ruight  be.  Sometimes  they  left  him 
quite  alone  for  days  together,  or  k^pt  him  prisoner  in  the 
little  hut  he  had  built  for  himself,  or  tried  to  frighten 
him  by  shooting  arrows  close  to  his  head  and  nock,  and 
pressing  their  spears  against  his  teeth  till  they  made  him 
open  his  mouth.  Findmg,  however,  that  he  bore  all  these 
annoyances  good-humoured ly,  and  as  a  medical  man  took 
every  opportuoity  of  doing  them  services,  they  concludtxi 
he  was  a  good  spirit,  a  man  from  the  moon,  and  thence- 
forth paid  him  great  respect^  and  allowed  him  to  go  about 

^pretty  much  as  he  pleased.  This  reminds  us  of  the 
experience  of  the  ChalUngtr  afc  Humboldt  Bay,  where  it 
was  decided  not  to  stay,  bccimsc  some  of  the  natives 
similarly  drew  thuir  bows  at  the  officers  when  away  in 
boats.     This  was  no  doubt  nervouj§  work  for  the  person 

[  threatened,  but  it  was  only  a  threat.  Savages  do  not 
commence  a  real  attack  in  that  thoatrica)  way,  and  if  they 
had  been  met  with  coolnesB  and  their  threats  been 
laughed  at  or  ti-eated  with  contempt,  such  demonstrations 
would  soon  have  ceased.  Of  course  it  requii*es  very 
exceptional  courage  and   temper,  not  poBsessed  by  one 
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man  in  a  thousand,  to  do  this:  but  the  fact  i^hould  be 

rem  em  be  rod  that  ill  many  jiarts  of  the  world  Huch 
attempts  to  frighten  Europoims  have  been  adopted,  but 
have  never  resulted  in  anything  serious.  Had  the 
Papuans  really  wanted  to  rob  and  murder,  they  would  have 
enticed  the  ChalknAjtr  people  on  shore,  whei'e  they  would 
have  had  them  completely  at  their  mercy,  whereas  those 
who  did  go  on  shore  were  very  civilly  trc^ateii. 

One  of  the  most  curious  features  noticed  by  Dr. 
Miklucho  Maclay  was  the  apparent  absence  of  traiJe  nt 
barter  among  the  people  of  Astrtjlabe  Bay.  Thuv 
exchange  presents,  however,  when  different  tribes  visit 
each  other,  somewhat  as  among  the  New  ZeaL*mders, 
each  l>arty  giving  the  other  what  they  have  to  spai^: 
but  no  one  article  seems  ever  to  be  exchanged  fur 
another  of  supposed  equivalent  value*  On  the  w^hole, 
the  Russian  doctor  seems  to  have  found  these  ])eople 
industrious,  good-natured,  and  tolei^bly  cleanly,  living 
orderly  lives,  and  conforming  themselves  strictly  to  the 
laws  and  customs  which  to  them  determine  what  is  right. 

Captain  Moresby,  Signor  D'Albertis,  Mr.  O.  C.  Stone, 
and  the  missionaries  who  have  explored  the  south-easteni 
eictremity  of  New  Guinea,  have  been  greatly  struck  by  the 
apparently  quite  distinct  races  they  have  found  there. 
As  far  easstward  as  the  head  of  the  Gulf  of  Papua  (on  the 
east  side  of  Torres  Straits)  the  typical  Papuans  prevail, 
the  natives  of  the  Katow  river  being  descrilx^d  as  nearly 
black,  with  Jewish  noses,  and  woolly  hair^  using  bows  and 
arrows,  and  living  in  houses  a  huudred  feet  long  elevated 
on  posts— in  all  re^pectjs  exactly  agreeing  with  the 
prevalent  type  in  the  western  portion  of  the  island. 
The  group  of  native  chiefs  shown  opposite  (Fig.  68)  was 
photograjAied  by  Admiral  Maclear  when  surveying  on  the 
Alert,  and  they  show  how  completely  the  true  Papuan 
type  persists  in  this  region,  although  neither  of  them  has 
the  Papuan  mop  largely  developed.  But  further  east, 
about  Redscar  Bay  and  Port  Moresby,  and  thence  to  East 
Cape,  the  pt^ople  are  lighter  in  colour,  less  warlike,  and 
mOFG   intelligent,  with  more  regular    European  lea  tores, 
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neither  makiug  bows  nor  (exci^pt.  rarely)  pottery,  and 
practising  true  tattooing  by  punctures — all  dietinctly 
Polynesian  characteristics.     Wiien  to  this   we  add  that 

their  language  contains  a  large  Polynesian  element,  it  is 
not  surprising  that  the.^e  people  have  been  descnbed  as  a 
totally  distinct  race,  and  have  been  termed  Malays  or 
Mai  ay  o- Polynesians.  We  fortunately  possess  sev^eral  in- 
dependent accounts  of  these  tribes,  and  are  thus  able  to 
fonu  a  tolerably  good  ide^i  of  their  true  characters. 

Captain  Moresl)y,  speaking  of  the  inhabitjints  of  that 
large  portion  of  the  chaste rn  peninsula  of  New  Guinea 
discovered  and  surveyed  by  him,  says: — 

*'This  racij  is  distinctly  Malivyaii  ;  but  differs  from  thu  pniv 
M^lwy,  Vieing  >tttndier  in  Hfatnrt^  oixirser  in  ferttiirL%  thiektr  tipped^ 
with  Ifitn  httir  'Hi  the  /m'c,  Imint^  in  f»wt  ftlini*st  lieHrdiesw,  The  li/iir 
on  thii  heatl  m  alwo  tturm  /rnded^  though  thin  may  f^huU  fruni  a 
ditterent  dressing*  These  men  Imve  high  cheek-l)tine8  Uko  ihe^  ]iur« 
Mftliiy  ;  their  misei^  are  indintMl  U*  Iw  rwjuilint^  and  Hinuelinies  voiy 
well  fL*rnie*l.  Among«t  them  urii  met  mimy  tnuii  with  hght  hdr, 
und  wli4t  struck  us  tis  a  i.>couliarly  Jewi^i  t^utt  nrf  ft^atifrcji.  They 
rise  to  a  height  «»f  frmn  5  f«et  4  inches  to  5  feet  8  inches*  are  ninewy 
though  not  muscuJar,  dittht,  puc^f^dr  and  ait-lik^  in  the  pJiabiiity  of 
their  bodies/'* 

This  description  clearly  shows  that  by  *'  Malay  *'  Captain 
Moresby  means  *'  Polynesian/'  the  characters  luentioneil 
being  in  almost  every  respect  directly  the  opposite  of  those 
of  the  true  Malays,  as  indicated  by  the  words  and  phnis«?s 
here  placed  in  italic.^.  And  even  as  comjmred  with  the 
typiea.1  brnwn  Polynesian^  the  frizzled  hair,  aquihne  noses, 
and  Jewish  east  of  features,  are  all  Papuan  eharaeteristics. 

Mn  Octavius  G-  Stone  described  the  Motu  tribe  who 
inhfibit  the  coast  districts  about  Hedscar  Biiy  and  Port 
Mureaby  as  somewhat  shorter  than  the  Papuans  to  the 
westward,  and  of  a  colour  varying  from  light  brown  to 
chocolate.  The  hair  varies  from  nearly  straight  to  woolly, 
often  being  ftnzzled  out  like  that  of  the  typical  Papuan. 
The  hair  on  the  face  is  artificially  enKbcated,  and  they  are 
thus  made  to  appear  beardless.  The  nose  is  aquiline  and 
thick,  and   in  a  small  percentixge  of  the  men  the  Jewish 
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V  ^ype  of    features  appears.      The  adjacent  tribes  differ 

somewhat.  The  Koiari,  Ileina,  and  Maiva  are  generally 
darker  in  colour ;  while  the  Kirapuno  are  lighter.  These 
last  live  near  Hood  Point,  and  are  the  handsomest  people 
in  New  Guinea.  Their  hair  in  of  a  rich  auburn,  often 
golden  in  the  children,  growing  in  curls  or  ringlets.  It  is 
this  tribe  that  keep  their  villages  in  such  excellent  order, 
with  well-kept  gardens  in  which  they  even  cultivate 
Howers.  Mr.  Lawes  ways :  "  we  were  all  amazed  at  the 
cleanliness*  onlor,  and  industry,  which  everywhere  declared 
themselves  in  this  nnxlel  New  Guinea  village.  The  men 
are  physiciiUy  very  fine  and  the  women  good-lociking. 
One  of  the  belles  of  the  place  had  no  less  than  fifty- four 

I  tortoise-shell  earrings  in  her  two  ears,  and  her  nose  pierced 
too/*! 
Speaking  of  all  those  tribes  as  forming  essentially  one 
race,  Mr.  Htone  says,  that  they  are  a  merry  laughter- loving 
people,  fond  of  talking,  and  loving  a  joke,  hot  of  temper, 
and  quick  to  resent  a  supiwsed  injury — all  of  which  are 
Polynesian  or  Papuan  as  op|K>sed  tc*  Malayan  characteris- 

■  tics.     They  are  clean  in  their  habits,  and  p,articularly  so  in 
'  their  eating.     When  allowed  libt^rties  they  do  not  fail  to 

take  advantage ;  and,  at  Port  Moresby  in  particular,  they 
are  acoomplished  thieves,  inveterate  liars,  confiiTiioa 
beggai*s,  and  ungenerous  to  a  degree,  so  that,  even  if 
st^^ving,  they  would  give  you  nothing  without  an  equiva- 

•  lent.     This  condemnation,  however,  does  not  apply  to  the 
interior   tribes  who    have  not  yet  been  demoi^rized  by 
European  visitors.     B4>th  sexes  are  vain  of  their  outward 
appearance,  oiling  their  bodies,  and  adorning  themselves 
with  shells,  feather  and  bone  ornaments ;  and  on  all  festive 
occasions  each  tries  to  outvie  the  other  in  his  or  her  toilet 
Their  dress  is  like  that  of  the  Papuans,  a  T  bandage  for 
the  men,  a  fringe  of  loaves  for  the  women,  but  the  latter 
are  more  c^irefully  made  than  among  the  more  savage  tribes, 
K  They  practise  true  tattooing,  the  women  OJ^pecially  being 
f  often  highly  ornamented  with  complex  patterns  on  the  hodj 
and  limbs,  and  occasionally  on  the  face  also,  but  w^autiog 
the  elegant  curves  and  graceful  designs  which  characterize 
H  ^  Jounml  kept  bj  Mr,  Lawea,  7*1  we*,  Novttoiber  97,  1876. 
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Polynegian  tattfjoing.*  Their  weapons  are  speais,  shields, 
stone  clube,  and  hatchets,  one  tribe  only — the  Hema — 
tiiakmg  hows  and  arrows.  In  hke  matmer  the  Motu  tribe 
only  make  pottery,  which  the  other  tribes  obtain  &Din  them 
by  barter.  They  use  drilling  machines  with  a  spindle 
wheel  and  cord,  like  the  Polyne&ianjs.  The  houses,  whether 
on^  shore  or  inland,  are  raised  on  pilest,  but  are  mn&U 
as  compared  with  tho^  of  the  Papuans,  each  aecotnmodat- 
ing  one  or  two  faiuilicB  only. 

InteUectually  these  people  are  conf^iderably  advanced. 
They  can  reckon  up  to  a  million*  They  use  the  outstretched 
arms  as  a  unit  to  measure  by.  They  divide  the  year  int'O 
thirteen  months,  duly  nanioil^and  reckoned  from  the  new 
moons.  The  four  winds  and  many  of  the  stars  have  names, 
as  well  aa  every  tree^  shiiib,  flower,  and  even  each  well- 
marked  grass  and  fertL  They  prefer  fair  to  dark  people, 
and  are  thuB  disposed  to  like  and  admire  the  white  rac^a. 
The  children  are  very  merr^%  and  have  many  toys  and 
games.  The  Rev.  W.  Turner  tells  us  that  they  make 
small  windmills  of  cocoa-nut  leaves,  and  are  well  versed 
in  the  mysteries  of  cat's  cradle ;  while  spinning  a  button 
or  round  piece  of  shell  on  a  cord,  and  keeping  a  blatider 
in  the  air  by  patting  it  with  the  hands,  are  favourite  games. 
They  also  amuse  themselves  with  miniature  spears  and 
bt>ws  and  arrows, catching  fish,  which  they  cook  for  them- 
selves on  the  shore.  They  are  left  to  do  what  they  like, 
and  know  nothing  of  the  tasks  of  scho^3l,the  difficulty  of 
keeping  their  clothes  clean,  or  the  misery  of  being  washed 
— troublevS  that  vex  the  11  ve^  of  almost  all  civilised  chil- 
dren. According  to  Mr,  Tumerj  the  villages  of  the  Motu 
are  by  no  means  clean,  all  manner  of  filth  oeing  left  about 
unheeded  ;  and  as  this  agrees  with  most  other  descriptions, 
we  must  conclude  that  the  model  village  already  referred 
to  is  quite  exceptional  in  its  cle<anliness  and  order. 

Mr,  Turner  thinks  the  Motu  are  colonists  fmm  some 
other  land,  while  he  considers  the  Koiari  of  the  interior 
Ut  he   "  evidently   the  aborigines  of  this   part  of  New 

^  See  figtirta  illfiiitrnting  the  Rev.  W.  Turner's  artkle  on  '*The 
Rthnology  of  tli*?  Motu/'  in  the  Jownwi-'  *)/iht  AiUhrtuf/ofinjirfiJ  huditttfft 
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Guinea."  Mn  Stone,  on  the  other  hand,  classes  them 
together  as  slightly  differing  trihes  of  the  same  race,  the 
one  being  a  little  more  advanced  than  the  other ;  and  he 
considers  the  whole  eastern  peninsula  of  New  Guinea  to 
be  peopled  by  a  race  of  Polynesian  bltwxl,  who,  in  some  far 
distant  time,  found  their  way  to  the  coast,  intemiingled 
mth  the  native  Papuan  tribes,  and  gradually  drove  them 
westward.  There  has  thus  resulted  a  nuniber  of  st^parate 
tribes,  showing  various  degrees  of  intermixture,  the  Poly- 
nesian blood  predominating  on  the  coast,  the  Papuan  in 
the  interior ;  one  small  tribe  alone,  the  Kirapuno,  being 
more  distinctly  Pol>Tiesian.  How  complete  is  the  inter- 
mixture, and  how  difficult  it  is  to  determine  the  limits  of 
the  two  nices^Ls  shown  by  the  opinion  of  Mr.  S,  M'Farlane, 
who  says,  that  though  he  at  first  thought  the  people  of 
Katow  River  and  those  of  Redj5car  Bay  to  be  quite  dis- 
tinct, the  former  Papiuxn  and  the  latter  Malayan  (or  more 
properly  Polynoi^ian),  yet,  after  five  yeai-s*  acquaintance 
with  them,  he  believer  theni  to  be  of  the  same  race ; 
while  he  considers  the  tribes  of  the  interior  to  be  distinct, 
and  to  be  true  Pa j) nans.  The  cojist  p0<>ple  he  thinks  to  be 
the  result  of  an  iufcurmixture  of  Malays,  Polynesians,  A mbs, 
Chinese,  and  Papuans. 

Dr.  Comrie  (of  the  surveying  ship  Bamlisk)  believes 
that  all  the  tribes  on  the  north-east  coast,  from  East  Cape 
to  Astrolabe  Bay,  are  Papuans;  but  his  description  of 
them  shows  that  they  have  a  slight  infusion  of  Polynesian 
blood,  and  many  Polynesian  customs.  One  thing  is  very 
clear,  that  neither  in  physical  nor  mental  characteristics 
do  these  people  show  any  resemt>lauce  whatever  to  Malays, 
who  are  a  very  different  race  from  the  Polynesian,  Thu 
graceful  figun^s,  the  woolly  or  curly  hair,  the  arched  noses, 
the  use  of  tattooing,  the  ignorance  i>f  pottery-making,  the 
gay  and  laughter-loving  disposition,  the  talkativeness  of 
the  women,  the  lying,  thievishness,  and  beggary,  widely 
separate  them  from  the  Malay;  while  all  these  peculiarities 
support  the  view  of  their  being  a  race  fonneu  by  a  mix* 
ture  of  Polpiesian  men  with  Papuan  or  Melanesian  women, 
the  former  having  perhaps  anived  in  successive  waves  of 
immigiiationi  thus  causmg  the   coast  tribesj  and   those 
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nearest  the  eastern  end  af  the  island,  to  bt*  more  dis* 
tinotly  Pulynesiian  in  ehamcter  than  those  inland  anil 
towani^s  the  west. 

Returning  now  bo  the  dark  Papimii  tribes  of  the  remain- 
der of  New  OiiineajWe  find  that  here  als*j  there  is  aome 
difference  of  opinion.  Owing  to  the  coast  tribes  being 
usually  at  war  with  those  of  the  interior^  the.se  latter  have 
been  described  by  thoiu  as  a  different  race,  and  ha\'e  been 
called  by  the  Dutch  and  other  writers  Alfuros  ^  or  Hara- 
fums,  a  term  applied  to  any  wild  people  living  in  the  in- 
terior of  a  country^  as  opposed  to  the  coast  tribes.  This 
ha^  led  many  writers  to  class  the  natives  of  New  Guinea 
into  Papuans  and  Harafuras,  terms  which  are  still  some- 
time.H  le^ed,  but  which  are  quite  erroneous  tus  implying  any 
[>hysical  difterence  or  any  distinction  of  rat^e.  Dr.  Meyer, 
who  has  seen  much  of  the  people  of  the  north-west  coaat» 
considers  that  there  is  no  difference  of  the  slightest  im- 
pc^rtaiice  betw^een  the  coast  and  inland  tribes,  but  sueh  as 
occur  in  every  race,  Dn  Miklucho  Maclay  concludes  that 
the  Papuan  stock  consists  of  numerou.«  varieties,  with  no 
sharp  linea  of  demareation.  Dn  Beccari,  however,  differs 
somewhat  from  the  preceding  writers ;  and  n^he  exploretl 
a  great  range  of  countiy,  and  made  repeated  visits  to  the 
western  half  of  New  Guinea,  his  opinion  is  entitled  Ui 
great  wa^ight.  He  thinks  there  are  three  distinct  t>^>es  of 
Paptians,  One  is  dwarfish,  with  short  woolly  hair,  skin 
almost  or  quite  black,  nose  much  deprcsned,  forehead  ex- 
tremely narrow^  and  slanting,  and  witn  a  brachycephalous 
cranium  j  these  he  terms  Oriental  Negroes  or  Primitive 
Papuans,  They  do  not  now  exist  as  a  race,  but  are  scat- 
tered among  the  interior  tribes,  and  their  description  ac* 
cortls  very  closely  with  that  of  the  Negritos  of  the 
Phili|)pines  and  the  S^'mangs  of  the  Malay  Peninsula.  The 
next  are  the  typical  PapuanB.  who  are  most  widely  spread, 
and  present  most  of  the  characteristic  features  we  have 
already  described.  The  last  are  the  Mafu  or  Mafor  Papuana 
who  inhabit  Dorey  and  the  shores  and  islands  of  Oeelvint 

^  The  temi  U  derivml  from  the  PortugueBe  "  fora/*  oat  or  outride ; 
AJforeH  being  applie^l  to  tribes  out  of  or  ueyond  the  setUement  on  the 
coast  iWindsov  EarVn  Pajntaim,  ^.  ft*ilV 


NEW  (GUINEA  AND  ITS  INHABITANTS 


453 


I 


and  are  probably  scattered  all  roimd  the  western 
eoasts.  They  form  the  liighont  type,  with  fino  Jemsh  or 
European  foaturoM.  a  brttur  intollecti  and  a  sotiiewhat 
moi*e  advanced  civiliziition.  These  people  divide  the  yuar 
into  lunar  months,  each  with  a  proper  name,  and  have 
names  for  the  four  cardinal  points,  fur  many  stai's,  and  for 
entire  constellations.  Dr.  Beccari  believes  theni  to  be 
the  restUt  of  an  intermixture  (at  a  remote  eprieh)  of  Hindoo 
or  Caucasian  bh>o<l  with  the  indigenes  of  the  island,  and  he 
even  ti-aces  a  connection  between  their  rude  mythology  and 
that  of  the  Hindoos. 

A  curious  point  of  physiological  detail  may  here  be 
noticed  as  lending  some  support  to  thi^  theory.  Almost  all 
observt-rs  have  remarked,  that  the  fully  tie vel oped  Papuan 
mop  of  hair  i-s  net  a  gene  ml  feature  in  any  of  the  tribes, 
but  occurs  sporadically  over  a  wide  area,  is  highly  valued 
by  its  possessors,  and  from  its  extreme  conspiciiousncss  is 
always  noticed  by  travellers.  No  other  race  of  people  in  the 
world  possesses  this  character  at  all ;  hut,  strange  to  say, 
it  appears  very  fidly  develoj>ed  ameug  the  Cafusos  of 
Brazil.  These  are  a  mixed  race,  the  prinJuee  of  Negro  and 
Indian  parunt,  and  their  enormous  wigs  offiizzlyhair  have 
been  described  by  Sj>ix  and  Martins,  and  are  known  to 
moat  South  American  tmvelleiu  Still  more  interesting 
18  the  appearance  of  a  similar  p4?cidiarity  among  the  Amb 
tribes  of  Taku  in  Ejus  tern  Afric^i,  where  mixtures  of  Negi*o 
and  Arab  blood  are  very  common  J  It  is  well  known  that 
hybrid  and  mongn^l  charac tot's  are  liable  la  great  variation 
and  are  very  uncertain  in  thuir  appearance  or  degree  of 
development.  If,  therefore,  the  higher  type  of  Papuans 
are  the  rcsidt  of  a  remote  intennixture  of  Hindofjs  or 
Arabs  with  the  indigenous  Papuans,  we  can  account  both 
for  the  appearance  of  the  great  mop  of  frizzly  hair  aufl  for 
its  extremity  nnecpial  dovelopmcnt ;  and  it  is  not  improb- 
able that  the  Jewish  and  greatly  elongated  nose  may  have 
I  a  similar  origin. 

Outside  New  Guinea  and  its  closely  surrounding  islands 
I  same  race  is  found  in  the  Solomon  Islands,  the  New 
^biides,  and  the  Fiji  Islands.     The  native  of  Alu  figured 
'  W&it^^^  Anthr&poiogtf,     ExigUsh  trai^leitiou,  voL  L,  p.  17^. 
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by  Mr,  Wootlford  in  his  NaturaliU  among  ike  Head  Hunters 
is  an  almost  typical  PapuaD,  The  portmit  opposite  of  a 
man  of  the  New  Hebriiles  (Fig.  09)  might  be  taken  for  a 
handsome  Jew»  wei\s  it  not  for  his  frizzly  hair ;  and  a  native 


Firu  70.— KATiVK  or  Arit  nigw  us^ntPK^. 


of  Api  in  the  same  group  of  inlands  (Fig,  70)  has  qnifce  a 
European  conntenance.  The  Fijians  are  equally  handsome* 
with  t^^ical  Papuan  features  and  hair,  and  they  are  often 
ovBr  4ix  feet  high.     Westward  from  New  Guinea  the  same 
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?r  coloured  skin  and  less  pronounced  features,  but  yet 

the  whole  fleeidedly  Papuan.     Id  the  islands  of  Ceraiii 

'  Gilolo  also  the  type  is  ni^jre  Fajjuan  than  Malayan. 

tigh  the  li^ht  hrown  colour  inrliuates^  per  haps, some  inter- 

kire  with  people  of  Malay  or  evon  of  Caucaaiao  race. 

we  now  take  account  of  all  the  evidence  yet  obtained, 
eni  ju.Htified  in  concluding  that  the  great  mass  of  the 
nlia  hi  Units  of  New  Guinea  form  one  well- marked  race— 
the  Papuan — varying  within  comparatively  narrow  limits, 
ind  everywhere  presenting  distinctive  feature?^  which 
leparate  it  from  all  other  races  of  mankind  The  only 
jnpartant  deviation  from  the  type  occurs  in  the  south* 
D^^tem  peninaulaj  where  a  ctmsidemble  Polynesian 
inimi^ation  has  undoubtedly  taken  place,  and  greatly 
Dfiodified  the  eharacter  of  the  population.  At  other  points 
i  m  m  i  gran  in  from  s  o  ni  e  o  f  th  e  su  rrij  u  nd  i  ng  i  si  an  d  s  t  i  uiy  have 
Ibnned  small  settlements,  but  it  is  a  mistake  to  suppose 
phat  there  ure  any  Malay  colonies  on  the  south-west 
pckast,  though  a  few  of  the  nativea  may  have  adopted 
the  Malay  dress  and  some  of  the  outward  forms  of 
■bliom  e  Um  ism. 

||Hf  we  look  over  the  globe  for  the  nearest  allies  of  the 
^^ptians,  we  find    them  undoubtedly  in  Equatorial    and 
Southern  Africa,  whei-e  alone  there  i^  an  extensive  and 
varied  rat^e  of  dark-coloureil,  frizzly -haired  people.      The 
connecting  links  are  found  in  the  dwarfish,  woolly 'hairtnl 
tribes  of  the  Philippines,  the  Malay  Peninsula,  and    the 
Andaman  Islands;  and,  taking  these  altogether,  we  may 
y^ell  8Up[K>He  them  to  represent  one  of  the  earliest,  but  not, 
^■kibly,  the  most  primitive  type  of  man. 
HBl'^e  must  not  iiiil  to  take  note  of  the  fact  that  the  two 
great  wtmlly-haired    races   are   almost    entirely   confitietl 
within  the  tropics,  and  both  attain  their  highest  develop- 
ment near  the  etjuator.     It  is  here  that  we  should  expect 
the  primitive  man  to  have  appeared,  and  here  we  still  find 
what  may  be  one  of  his  earliest  divergent  races  thriving 
We  may,  perhaps,  even  look  on  the  diverse  types  of 
three  great  races  as  in  part  due  to  changes  of  consti- 
tution adapting  them  to  cooler  or  warmer  climates  and 
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type  in  a  somewhat  modified  fonn  in  found  in  Timor  and 
Blores,  the  group  of  Timor  men  hem  shown  (Fig.  71) 
indicating  a  iHvevgencQ,  it\  the  less  frizzly  hair  a  rather 
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lighter  coloured  skin  and  less  pronounced  features,  but  yet 
on  the  whole  decidedly  Papuan.  In  the  islands^  of  Cenim 
and  Oilolo  also  the  t)"[>e  is  more  Papuan  than  Malayan, 
though  tht'  light  brown  colour  indicates,  perhaps, some  inter- 
mixture with  people  of  Malay  or  even  of  Caucasian  race. 


Pi, 


If  we  now  tJike  account  of  all  the  evidence  yet  obtained, 
e  8eeni  justified  in  concluding  that  the  great  mass  t^f  the 
inhabitants  of  New  Guinea  form  one  well -marked  race^ — 
the  Papuan — -varying  within  comparatively  narrow  limits, 
and  everywhere  pre^scnting  distinctive  featnre.s  wiiich 
aejKirate  it  fix>ni  all  f>ther  races  of  mankind.  The  only 
imp<jrtant  deviation  from  the  type  oceuii*  in  the  i^outh- 
eik^fcem  peninsula,  whore  a  considerable  Polynesian 
immigration  has  undoubtedly  tjxken  place,  and  gixiatly 
mmHfied  the  character  of  the  population.  At  other  points 
immigrants  from  some  of  the  surrounding  islands  may  have 
formed  ymall  settleuicntt^,  but  it  is  a  mistake  to  suppose 
that  there  are  any  Malay  colonies  on  the  south-west 
coast,  though  a  few  of  the  natives  n\ay  have  adopted 
the  Malay  dress  and  some  of  the  tint  ward  forms  of 
ahonietanism. 

If  we  look  over  the  globe  for  the  nearest  allies  of  the 
'apuans,  wo  find  them  undoubtedly  in  Equatorial  and 
Southern  Africa,  where  alone  there  h  an  extensive  and 
varied  nice  of  dark -coloured,  frizzly -haired  people.  The 
connecting  links  artt  found  in  the  dwarfish,  woolly-haired 
tribes  of  the  Philijipinas,  the  Malay  Peninsula,  and  the 
Andaman  Islands;  and,  taking  these  altogether,  we  may 
well  suppose  them  to  rcwesent  one  of  the  earliest,  but  not, 
probably,  the  most  [primitive  type  of  man. 

We  mast  not  fail  to  take  note  of  the  fact  that  the  two 
great  woolly -haired  racea  are  almost  entirely  confined 
within  the  tropics,  and  both  attain  their  highest  develop- 
ment near  the  equator.  It  is  here  that  we  should  expect 
the  primitive  man  to  have  appeared,  and  here  we  still  find 
what  may  be  one  of  his  e^irtiest  divergent  races  thriving 
best.  We  may^  perhaps,  even  look  on  the  diverse  types  of 
the  three  great  races  as  in  part  due  to  changes  of  consti- 
tution adapting  them  to  cooler  or  wanner  climates  &nd 
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Aimtmliahn.  Qiw^neimirl     (Culkx^ttrMi  AntTmi]}D|i)giqud  du  Prlticii  Ikilimtl  ii«au^|jitrt«, 

that  of  the  wavy,  gluasy  hair,  equally  ro moved  in>m  the 
Irjzzly  mop  of  tht*  Papuan  an  frnm  the  straight,  coanjt^  hair 
of  the  M:ilay*)      They   have   sojuetiuie?*  a   considerable 
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growth  of  hair  on  the  body,  especially  on  the  chest  and 
back,  while  the  infants  are  mach  lighter  in  colourthan  the 
adaltg,  and  are  clothed  with  a  soft  ftir  on  the  neck  and 
buck 

If  we  turn  to  habit«(  and  customs  for  some  light  m  to 
the  prolmble  derivation  of  the  Australians,  we  find  equally 
cl**ar  pnx»fs  that  we  mu^t  so  far  beyond  the  limitB  of  all 
the  i  Hi  mediately  surrounding  peoplea  While  Malays, 
Papuans,  and  Polynesians  atl  cultivate  the  ground  and  all 
biidd  go«xl  porrtianent  houses,  the  Ai^tralianB  never  do 
one  or  the  other*  The  pottery  of  the  Malays  and  Papuans, 
the  Vkiws  and  arrows  of  the  Papuans  and  other  Melanesians, 
and  the  we)) -made  and  often  elaborate  canoe^i  of  all  these 
races  are  equally  unknown  to  the  Australians,  who  must 
thiiii  be  classed  among  those  savage  peoples  which  have 
tnaflc?  the  very  smallest  iidvance  to  warns  material  eiviliza- 
lion* 

Supposed  AJiican  AJlnitus, 

In   Mr.   Curr*H    iinporUmt  work  on  "  The   AustrahaD 

liacts"  an  attempt  is  made  to  show  that  there  is  a  great 
resemblanee  in  language  and  in  many  of  their  customs, 
between  the  native  races  of  Australia  and  Africa.  By 
eomfiarmg  wonlti  choson  am^mg  the  numerous  languages 
of  Austmlia  with  wards  having  the  same  meaning  in  some 
of  the  stil)  mure  numerous  African  languages  and  dialects, 
a  considemble  number  of  curious  resemblances  are  found. 
But  it  is  not  improbable  that  an  equal  number  of  resem- 
bhiTices  conJd  be  found  if  the  languages  of  any  other 
equally  extensive  portion  of  the  world  were  taken  for 
comparison,  because  many  words  in  all  languages  are  either 
onouiatcqMeic — tliafc  is,  Kound-imi  tat  ions,  or,  what  may  be 
called  functiouah  Thus,  words  fur  the  lips,  mouth,  or 
head  often  contain  labial  sounds;  those  for  the  teeth  or' 
(itr  (liin^i^  that  reyemblo  teeth,  contain  dentals— that  is, , 
Mutuids  whirh  are  oidy  prtxiuced  when  the  tongue  touches  - 
tlu'  tfot.h,  as  d  and  I ;  while  the  nose,  and  things  sup- 
jHised  to  ivsemble  it,  are  named  by  woitls  containing  such 
mvail  siuuuIb  iis  n,  ng,  or  fi^v  ]  hence  names  of  these  parts 
of  the  budv  and    wutda  d^n^^d  ^tci\\\  them    will  often 
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Teeemble  each  other  in  tho  most  remote  parts  of  the  world, 
and  ill  languages  which  in  most  respects  are  quite  unlike 
each  other.  So,  the  words  for  father  and  mother — thp 
infantile  ba,  pa^  ma — occur  in  every  part  of  the  world, 
though  sometimes  transposed  in  their  meaning.  Similar 
resemblances  to  the  Austi-aliari  have  been  found  by  othor 
writers  among  the  languages  of  the  hill  tribes  of  India, 
and  with  these  peoples  there  is  much  moix}  agreement  in 
physical  chamcters, 

Mr.  Curr  also  adduces  a  number  of  curious  customs 
which  are  common  to  Australia  and  Africa,  sneh  as  the 
great  imporbince  attached  to  sorcery ;  the  foriuing  raised 
scars  on  the  body ;  the  habit  of  knocking  out  the  front 
teeth  ;  the  practice  of  a  form  of  circumcision ;  the  prohi- 
bition of  marriage  within  certain  cla^ss-di visions ;  the  forms 
of  burial,  and  a  few  others.  But  some  of  these  customs 
are  very  widespread  among  savages,  and  unless  it  can  be 
shown  that  a  considerable  number  of  them  are  strictly 
limited  t*>  Australia  and  Africa  they  can  afford  no  proof 
of  a  common  origin  of  the  two  races.  More  interesting 
is  the  fact  that  the  peculiar  Australian  weapon,  the 
boomerang,  finds  its  nearest  representiitive  among  the 
Abyssinians  and  the  ancient  Egyptians,  though  it  is  doubt- 
ful whether  it  had  with  these  people  the  same  iK?culiaritie.s 
of  returning  and  ernitic  flight  It  is  possible  that  the 
weapon  was  more  widely  spread  in  early  times^  but  was 

fradually  superseded  by  the  bow  and  other  superior  weapons; 
^^   ut  it  can  hardly  be  held  to  prove  any  identity  of  race. 


I 


RasTB^dame  of  Audratiatt^  to  ike  Ainos. 


If  we  look  broadly,  and  without  prejudice  or  preiwsses-^ 
sion  at  the  physical  features  of  tht;  Australians,  it  is  evi- 
dent that  they  cannot  be  clas,sed  either  with  the  Negroid 
or  the  Mongolian  types  of  man.  There  remains  only  the 
Cauciisian,  and,  though  of  a  very  low  type,  in  all  essential 
features  they  agree  with  these ;  and  if  we  look  abroad  for 
other  isolated  fragments  of  the  same  race^  we  find  one  of 
them  in  the  Ainos,  or  hairy  people »  of  Japan,  These 
curious  people  agree  in  many  respects  ^\yti  XjWA^^^  ^^^-^y^ 

VOL,   L  U  ^ 
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af  Australians,  but  they  are  somewhat  more  haiij*,  of  a 
nuich  lighter  colour,  antl  with  more  refined  featun»s.  Some 


Fill.  74.— AiiissTA  Tntitft.     oiaj  ii*tfp  very  h*iry, 

of  the  old  men  re>?e*mblti  handsome  European  peai^Dts. 
Thej  arc  also  much  moreMlvaiieiid  in  material  eivilizalion 
than  the  Aust 
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remarkable  similarity  in  this  respect,  and  though  the 
Aino  is  of  a  nxore  refined  ty}>e.  there  is  nothing  to  indicate 
any  radical  diversity  of  race  between  them,) 

Other  fragments  of  the  same  ^eat  primitive  t}^  are 
to  be  found  in  the  Khmera  of  Cambodia,  as  well  as  in  some 
uf  the  wild  tribes  of  the  same  country  and  of  Western 
China,  w^ho  have  long  been  recognized  as  of  Caucasian 
type.  The  language  of  the  Khniers  is  said  to  have  some 
affinities  with  that  of  the  Mahoris,  who  are,  as  we  have 
statc^i  in  the  last  chapter,  now  generally  recognized  as  of 
Caucasian  affinity,  as  are  some  of  thu  tribes  of  Mici'onesia.* 

The  AudraliauB  are  low  Caticasians, 

Of  all  these  widely  scattered  Caucasian  fragments  we 
must  look  upon  the  Australians  as  the  lowest  and  most 
primitive.  Their  antiquity  is,  in  all  probability,  veiy 
great,  since  they  must  have  entered  their  present  country 
at  a  time  when  their  ancestors  had  not  acquired  the  arts  of 
making  pottery  or  of  cultivating  the  soil,  of  domesticating 
animals,  of  constructing  houses,  or  of  fabricating  the  bow 
and  arrow*  They  thus  aflbitl  us  an  example  of  one  of  the 
most  primitive  types  of  humanity  yet  discovered ;  and  if, 
as  I  believe,  they  really  belong  to  our  own  stock,  we  are  led 
to  the  conclusion  that  the  differentiation  of  the  three  great 
races  of  mankind  took  place  a^t  set  remote  an  epoch  that  we 
cannot  expect  to  find  any  of  the  earliest  connecting  links, 
while  the  amount  of  intermixtui"e  that  has  taken  place 
wherever  two  of  these  races  come  into  contact  renders  their 
actual  delimitation  still  more  difficult. 

The  uniformity  of  the  low  stage  of  material  civilization 
in  the  Australians,  though  spread  over  so  wide  an  area 
differing  considerably  in  climate  and  vegetation,  and  in 
some  pitrts  very  fertile,  is  the  more  remarkable,  because 

*  In  Mr*  Hicliard  Semoti'a  work  on  Australia  (p.  237)  he  compawis 
the  AustraliAJii  to  the  Vcddaha  of  Cejlon  iijul  sooie  ot  tlie  Dmvidiar "  '* 
Central  India,  and  he  copaidcra  tliat  the  C^^Ticaamns  have  desfj^s 
from  thene  focee.  He  adds  : — "  i^ev^er&l  obeervein  have  already  st 
that  the  physical  features  of  the  Attatro^lians^  in  spite  of  their  so-called 
iigliness  and  K»ttr«<;txe»a^  may  Vxi  dctiidedly  compared  to  the  li^w^r 
^liMciisian  type." 

1  jiiibliahed  ibis  view  lii  V%^,  wai\i&'V«jtLQ\T?v^w\\ws«iv\V^&aSwa^\fo 

mny  earlier  date* 
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they  must  again  and  again,  have  been  brought  into  contact 
^th  more  advanced  races.  There  are  clear  signs  of  inter- 
niixture  in  the  north  both  with  Malays  and  Papuans,  yet 
this  ha.s  had  little  or  no  etfect  on  the  customs  of  the  people. 
But  some  higher  race  has  evidently  at  one  time  formed  a 
settlement  on  the  north-west  coa^t,  as  indicated  by  the 
very  remarkable  cave  paintings  and  sculptures  discovered 
by  the  late  8ir  George  Grey  in  his  earlieat  exploration  of 
that  country.  They  were  found  in  the  valley  of  the 
Glenelg  River  in  North  Wei=it  Australia,  about  sixty  miles 
inland  and  twenty  mile§  south  of  Prince  Regent's  River,  in 
a  very  rugged  tract  of  country.  The  paintings  consist  of 
representations  of  human  heads  and  bodies,  apparently  of 
females  clothed  to  the  armpits^  but  the  faces  are  without 
any  indication  of  mouths.  The  heads  are  surrounded 
with  a  broad  heat] -dress  or  halo,  and  one  of  the  tigures 
wears  a  necklace.  They  are  executed  in  i"eil  on  a  white 
ground,  the  clothing  being  marked  with  a  red  pattern,  and 
the  broad  hat  or  halo  in  some  of  the  figures  is  coloured 
blue,  red  and  yellow.  These  designs  are  nearly  life-size, 
and  the  largest  is  on  the  sloping  roof  of  a  cave  thus 
appearing  to  look  down  on  a  visitor.  There  are  also  some 
dm  wings  of  kangaroos,  more  finished  than  any  of  the  work 
of  modem  Australians.  On  the  roof  of  another  cave  there 
was  a  full-length  figure,  ten  feet  high,  dressed  in  a  loose 
red  garment  from  neck  to  ankles,  the  hands  and  feet  being 
well  executed  and  the  latter  apparently,  covered  with  shoes. 
The  white  ftice  is  mask- like,  showing  the  eyes  only  and 
arruind  it  are  circidar  concentric  bandages,  the  inner  one 
yellow,  the  outer  red,  I<X)king  something  like  a  hroixd  cap 
and  outer  h<innet»  On  the  upper  part  of  this  are  five 
letters  or  chanicters,  having  an  oriental  aspect.  Although 
poorly  executefl,  these  figures  have  a  i-efined  chamcter,  as 
utterly  <jut  of  place  among  the  Australian  natives  as  would 
be  any  modern  work  of  art.  Very  near  one  of  these  caves 
there  was  found  an  a  large  vertical  sandstone  rock  a  well- 
executed  human  head,  hollowed  out  to  about  an  inch  and 
a  half  deep  in  the  centre,  the  whole  head  being  two  feet 
in  length  and  sixteen  inches  broad.  The  singularity  of  it 
that  it  is  perfectly  European  in  type,  both  in  form  of 
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head  and  features.  The  only  other  paintings  which  appear 
to  have  a  similar  character  are  those  discovered  by  CaptaiQ 
Flinders  in  Chasm  Island  on  the  North  East  Coaist,  and 
wliich  have  been  preserved  in  a  sketc^h  by  W,  Westall, 
A.H  A.,  who  accomjmnietJ  FUndera  as  artist  These  torm  a 
long  procession  of  hunian  tigiires  of  a  pale  red  colour, 
rudely  executed,  but  all  apparently  clothed  in  long  robes. 
Near  the  head  of  the  procession  is  a  much  taller  male 
figure,  with  arms  outstretched  and  holding  a  stick,  and 
towards  the  middle  is  an  equally  tall  female  iigure,  Thert- 
are  also  a  turtle  and  a  sword-fish,  pretty  well  drawn. 

Whoever  were  the  people  who  executed  the^e  singular 
[lain tings,  they  were,  probably,  also  the  makers  of  the  two 
large  s^juare  mounds  found  by  Sir  George  Grey  in  the  same 
district.  These  were  formed  of  loo^e  stones,  but  were 
perfect  parallelograms  in  outline,  and  were  placed  due 
eaiit  and  west.  From  the  drawing  given  of  them  they 
must  have  been  heaped  up  with  great  care,  since  they  are 
finished  to  a  sharp  ridge,  with  triangular  end^  juat  like 
the  roof  of  a  building.  Both  were  exactly  the  eame  lengthy 
twenty-two  and  a  quarter  feet,  but  they  differed  somewhat 
in  wiflth  and  height  One  w^is  opened,  but  nothing  waa 
found  inside  but  a  quantity  of  fine  mould* 

In  the  sitmo  district  Sir  George  Grey  noticed  among  the 
dark-coloured  natives  a  few  individuals  who  were  very 
much  lighter  in  colour — he  says  *'  almost  white ;  *'  and  he 
thinks  that  these  lighter  people  exercised  authority  ;  and 
he  also  describes  the  native  houses  or  shelters  as  being 
better  constructed  here  than  in  other  parts  of  Australia.* 

A  good  deal  further  south,  on  the  Upper  Uascoyne  River, 
Mr.  Oiles  met  with  some  natives  who  were  exceptionally 
good-looking.  He  says  :  *'  Some  of  these  girls  and  boys  had 
faces,  in  olive  hue,  like  the  ideal  representatiyn  of  angels; 
how  such  beauty  could  exist  among  so  pour  a  grade  oi'  the 
human  race  it  is  difficult  to  understand,  but  there  it 
waSp'* 

These  various  indie-ations  compel  us  to  believe  that  one 
or  more  colonies  have  formerly  existed  on  the  north -west 

^  See  Jouninh  in  Noith-  Wt^f  nnfi    WiJ^i  AftMrfdia^  bj    IJeiittinatit 
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coast,  either  of  shipwrecked  Europeans  or  of  some  of  the 
higher  and  more  civilized  Malays,  with  possibly  Arabs  or 
Chinese  among  thetn,  and  that,  atler  maintaiaing  themselves 
for  some  time  and  leaving  behinil  them  the  curious  |>aiat- 
iJigs,  carvings?!,  and  symmetrical  atone  heaps  here  described, 
they  have  either  been  able  to  escape  or  have  been  ex- 
terminated by  the  natives,  leaving  however  behind  them 
some  mixed  dej^cendants  to  puzzle  the  traveller  by  their 
superi^H-  a]j|M'Mi'rUice.  The  remarkable  costume  of  the 
persons  npivsmtt^d  in  the  wall -paintings  should  give  a  clue 
to  the  designers,  and  there  is,  so  far  as  I  know,  only  one  not 
very  remote  locality  where  a  similar  costume  is  in  use — the 
islands  of  Siau  and  Sanguir  north  of  Celebes — but  as  these 
people  were  converted  tt)  Christianity  by  the  Portuguese, 
those  I  saw  at  Menado  perhaps  w^ore  an  imitation  of  the 
cmisook  of  a  Romish  priest.  It  is  just  |K>asible  that  some 
Chinese  Christians, converts  of  the  early  Jesuit  missionaries, 
may  have  been  wrecked  on  this  coast,  and  that  the  figures 
may  be  due  to  their  recollections  of  the  images  or  pictures 
ofsiiint-s  with  haloes  rountl  their  heads.  But  whoever  the 
people  wore  who  executed  these  drawings  it  is  quite  certain 
they  were  not  Australians. 

The  conclusion  here  reached,  that  the  Australians^ 
though  usually  classed  m  one  of  the  lowest  forms  of  man- 
kind now  surviving,  are  really  one  of  the  primitive  types 
of  the  great  Cauc^isian  nice  to  which  we  oui*s elves  belong, 
will  a]>iwai"  to  many  of  my  reatiei's  to  be  improbable,  or 
even  absurd.  Hut  I  venture  to  think  that  it,  nevertheless, 
most  nearly  aeconis  with  all  the  facts  of  the  case;  and 
since  it  has  been  admitted  that  some  of  the  darkest 
Hindoos  are  nt^arly  allie<l  to  Kuropeans,  there  is  less  im- 
probability in  the  existence  of  some  more  archaic  antl  less 
developed  forms  of  the  same  fufHlimental  type.  It  also 
iftccords  with  all  we  are  now  learning  of  the  vast  antiquity 
l^f  the  human  race,  since  if  all  the  peoples  now  living  upon 
jII^  <a&Ftb  can  be  classed  in  one  or  <jther  of  the  three  great 
divisions  o f  ma n k i  nd — N  eg m id,  M u n gol  ian ,  and  Ca u c^isi an 
— or  as  probable  mixtures  of  them^  we  are  impressed  with 
the  conviction  that  we  must  go   back  to  periods  as   com- 
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pared  with  which  the  earliest  historical  Hates  are  but  as 
yesterday,  in  onler  to  an*ive  at  an  ejM:fch  when  the  common 
ancestors  of  thoi^e  three  well-marked  type^  alone  existed. 
Even  then  we  shall  have  niatle  no  perceptihle  approac*h  to 
the  missing-link — the  common  ancestor  of  man  and  the 
higher  c|uaaniniaDa. 

It  has  been  estimated  that  when  Australia  was  first 
colonized  by  Europeans,  the  native  population  could  not 
much  have  e%cceifed  150,000.  They  have  since  greatly 
diminished,  owing  to  the  m^ciipation  and  settlement  of  all 
the  more  fertile  parts  of  the  country,  as  well  as  from  the 
diseases  and  vices  introduced  among  them  by  the  convicts 
and  lower  class  of  settlers.  Notwithstanding  all  these 
causes  uf  depopulation ,  great  nunibers  still  roam  over  the 
interior,  and  it  is  believed  that  they  now  amount  to  from 
30,000  to  40,000 ;  and  as  so  much  of  the  country  they  in- 
habit is  not  of  a  nature  to  invite  occupation  by  the  white 
race,  it  seems  not  impmbablc  that  the  degraded  Australians 
may  continue  to  exist  long  after  the  much  higher  Mahoris 
of  New  Zealand  and  Eastern  Polynesia  have  disappeared 
as  completely  tis  have  the  lower  Tasmaoians. 

Mendal  and  Moral  CkaraderidieB, 

The  intellectual  status  of  the  Australian  native  has 
been  greatly  depreciated  by  many  writers,  but  more  par- 
ticularly by  those  who  are  most  igniuant  of  him  in  his 
native  wilds,  or  who  judge  his  mind  sijlcly  by  a  reference 
to  bis  low  state  of  material  advancement.  Those  who 
have  lived  much  among  the  natives,  however,  often  express 
a  different  opinion.  Sir  Thomas  Mitchell  did  not  think 
them  by  any  means  the  lowest  in  the  scale  of  humanity. 
Mn  Eyre  found  them  to  be  frank,  open,  and  confiding^ 
and  easy  to  make  friends  with  ;  and  he  declares  that  they 
have  been  greatly  misrepresented  and  tmdnced,  and  that 
much  of  their  assumed  treachery  and  bloodthirstiness  is 
the  result  of  the  cruelty  and  ill-treatment  of  the  settlers. 
They  often  show  great  affection  for  their  male  offspring, 
giving  up  to  them  the  choicest  iinxj,  carrying  them  when 
they  are  weary,  and  lamenting  their  death  for  months,  or 
even  for  years. 
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k  Curr,  who  for  more  than  forty  years  was  in  constant 
bumc&tion  with  thorn,  and  having  been  for  many 
1  **  Protect) J r  of  the  Aborigines "  in  Victoria  had 
lleiit  op|>ortunitie8  for  observation,  thus  describes 
ii  "  The  black,  especially  in  his  wild  state,  is  quicker 
te  action  of  his  mind,  more  observant,  and   more  self- 

Qt  than  the  English  pe^isant Socially  the 

t  is  polite,  gay,  fond  of  laughter,  and  has  much  bmi- 
€  in  his  composition.  .  *  .  Touching  the  moral 
Ei^  of  the  blacks,  observation  has  convinced  me  that 
IjMB  not  without  them,  though  they  are  much  blunted 
^tant  repression,  and  that  they  discriminate  between 
t  and  wrong," 

has  been  observed  that  the  natives  are  very  strict  in 
iug  their  laws  and  customs,  even  when  alone  among 
ipeans,  where  the  offence  would  be  unnoticed*  ana 
I  under  great  temptation.  The  hoiTor  of  manying  a 
lan  within  the  prohibited  degi*ees  of  relationship,  the 
erne  grief  they  manifest  at  the  death  of  children  or 
lives,  and  sometimes  even  for  white  men,  asilhistrated 
he  native  boy  who  was  the  solo  comimnion  of  the  un- 
mate  Kennedy  when  he  Wios  murdered,  are  sufficient 
idicate  that  they  possess  affections  and  a  sense  of  right 
wrong  not  very  different  from  our  own. 
|?he  photogiuph  on  the  next  page  (Fig,  76)  of  a  family 

Eat  their  ortlioary  oceupitions,  with  the  t\\"o  children 
ing  their  father  at  work,  may  serve  to  illustrate  the 
joing  observations  as  to   their  chamcter  and  family 


^^3 


AiidralianB  arid  other  Eastern.  Caucfiiutns, 

he  preceding  account  was  written  about  the  year 
E,  at  which  time  I  had  seen  no  good  photographic 
raits  of  the  beat  t}^>es  of  Australians,  the  majority  of 
ellers  appearing  to  select  the  most  hideous  old  people 
f  could  meet  with  as  illustrations  of  the  race.  Having 
had  the  opportunity  of  examining  the  fine  series  of 
fcographs  obtained  by  Professor  Spencer  for  his  w^ork 
Antral  Australia^  and  others  from  the  eolloction  of  the 


'.p* 

_f< 

4 

^ 

i 

'^ 

■f 

i. 

^B          -^  ■ 

BS!5« 

liifl 

'^ 


•^-jo 


^^^ 


AUSTRALIAN  AND  POLYNESIAN  RACBB 


47S 


^■Anthropological  Institute,  and  of  comimring  these  with 
l^the  portraits  in  Mn  Roniyn  Hitchcock'^  inonograph  on 
the   Ainos   of    Ycaezo,    Japan,    and    of  Todas   from    the 
Nilgherrit'^s  in  Captain  Marshal  I  *h  work  on  those  pt^ople> 
^^and  also  in  Professor  Keane*s  **  Man,  Pa^st  and  Present,"  I 
^■have  become  more  aatisfieii  of  the  correctness  of  the  view 
^^then   put  forth,  I  believe  for  the   first  time.     Professor 
Keane    eonsitlurs  that    thtTe    arc    several    fragments    of 
primitive  Caucasian  peoples  U>  be  still  found  in  South- 
Eastoni  Asia.     Such  are  the  K  hay  ems,  near  the  sources 
of  the  Trawaddi,  who  are  descrihed  a^  having  oval  faces, 
^—pointed  chins,  and  aquiline  noses,  and  a^  being  sometimes 
^H^o    light    in    colour  as   almost    to    pass    for    Europeans* 
^H  Among  the  Shans  of  Upper  Burma  there  are  also  found 
|B  families  or  ssmall  tribes  having  distinct  Caucasic  affinities. 
*'     But  it  is  in  Cambodia  where  the  moBt  striking  examples 
D|i     are  found  in  the  Khniei's  and  seveml  other  tribes,  which 
^Haro  believed  to  be  the  remnants  of  an  ancient  Caucasic 
^"  race  of  Hindu  or  S,  Indian  affinities  which  once  occupied 
much  of  South 'Eastern  Asia,  and  were  the  builders  of  the 
1^  grand  cities  and  temples  whose  niins  exist  in  the  interior 
P^  forests.     So  little  is  known  in  this  countrj*  of  these  in- 
teresting |jet>ples,  and  the  itiea  is  so  pn^valent   that  all 
Eastern  Asia,  from  Burma  to  China  and   Japan,  to  Java 
and  the  Molucciis  on  the  south-east  and  to  the  extremity 
Hj^of  Manchuria  and   Siberia  on    the  north*east,  is  wholly 
^■peopled   b}^  men  of   Mongolian  race,  that  ^onie  further 
^■account   of  these  Caucasian  tribes  will    be  of    interest, 
J^■esp^?cially  as  they  help  us  to  a  solution  of  the  problenj  of 
the  origin  of  the  two  groat  races — Polynesians  or  Mahoris 
k^  and  Australians,  which  we  are  here  discussing. 
^H      Although  ancient  temples  of  Eastern  Asia  may  seem 
»'»    out  of  place  in  a  chnpter  dealing  with  the  origin  of  the 
Australians,  yet,  from  the  point  uf  view  of  the  theory  here 
suggested,  they  will  be  found  to  have  a  direct  bejiring 
U|>on  the  problem.     And  4is  the  works  containing  descrip- 
tions and  ]>lates  of  these  wonderful  ruins  are  unknown  to 
most  readem,  no  further  ajioiogy  is  needtKJ  for  their  intro- 
duction lie  re. 
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CHAP* 


Ths  Andcni  CiiTUizati&fk  of  the  Shnnrs. 

Although  a  Chineae  traveller  described  this  civLlim- 
tion.  in  all  its  grandeur  only  a  short  time  before   its 


i^^^'T. 


1^ 


Fjo.  77.— FAi^t  cii^  Atcritfi'r  CAMurhL.tAM  Tkmi'LE  at  Axuhos^Tboh. 


destruction  about  six  hundred  years  ago,  the  wonderful 

ruins  i>f  its  cities  and  temples  were  fii*st  niiuie  known  to 
Europe  by  Mr*  U.emi^o\i\\o\»,v\¥\^i\\c.kUuvellerand  natur- 


AUSTRALIAN  AND  POLYNESIAN  RACES 


477 


K!, 


alist,  who  visited  Cambodia  in  1SS8  and  died  there  in  1861. 

His  plans,  sketches,  and  descriptions  of  them  were,  however, 
pubhshed  in  France,  and  an  English  translation  in  1864. 
Later  on  Mr-  J.  Thomson  photogmphed  some  of  the  mins, 
and  the  m<jre  important  of  these  were  engraved  in  Fer- 
guson's "  History  of  Architecture"  one  of  tho  fragments  of 
thegreat  temple  in  the  deserted  city  of  Ankhor-Thom  being 
here  reproduced.  (Fig.  77)  It  was  not,  however,  till 
Gamier  and  Delapurte  marie  their  careful  explorations,  the 
results  of  which  were  published  in  Paris  in  1873  and 
1880,  that  we  obttiiiied  any  adequate  idea  of  the  vast 
extent,  great  artistic  talent,  and  wonderful  mechaJiical 
ikill  of  this  interesting  people,  by  means  of  the  accurate 
lans,  photographs  and  restorations  of  these  ancient 
inonuments  given  in  their  works. 

Delaporte,  in  his  Vopfiffe  ati  Camhodgc  informs  us  that 
the  rums  of  Ankhor  Thom,  the  ancient  capital  of  the 
KhmerHj  show  that  it  occupied  a  space  of  about  eight 
nare  miles,  and  wu^  surrounded  by  a  wall  thirty  feet 
igh,  Vmcked  by  a  thick  earthen  rampart  Outside  the 
wall  there  was  a  deep  and  wide  ditch  crossi-cl  by  SL^veml 
bridges  whof^e  parapets  were  supfiorted  by  five  huntbed 
statues  of  giants,  A  special  gate,  i)rt>fusely  ornamented^ 
led  to  the  great  temple  of  Baion,  which  was  so  buried 
in  tropiciil  vegetatirm  at  the  tiiue  of  Delaportes  visit 
phat  he  had  to  emjdiiy  over  sixty  workmen  for  two 
eeks  in  clearing  away  the  undergrowth,  etc.,  so  as  to 
enable  him  to  dniw  plans  and  obtain  clear  views  of  the 
whole  structure. 

He  describes  this  temple,  the  centre  of  the  Brahminical 
religion  of  ancient  Cambodia,  tm  being  about  340  feet 
squall,  but  surrotinrled  by  a  highly  ornamented  double 
cloister,  upwards  of  500  feet  sipiare.  The  central  tower 
of  the  temple  is  165  feet  above  the  platfonn  of  the  outer 
court  and  its  surrounding  cloistei's,  which  are  them- 
selves considembly  elevated,  so  that  the  temple  was  about 
200  feet  above  the  adjjictent  pirts  of  the  city* 

Captain  Delaporte,  who  wius  a  student  of  architecture 
and  excellent  draught<:man,  thus  sums  up  the  main 
impression  produced  by  it*    Speaking  of  the  hundreds  of 
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gigantic  faces  of  Brahma  whirh  funu  thu  iiiiiqiio  and 
characteristic  feature  of  the  temple,  lie  says:^ 

*^TberB  hi  upori  tlieetf  faces — wliicli  tite^  mmivwlml  »ti^(ri;y;f!  but  ^ct 
regulfir  in  thoir  diarsicteriHtics — mi  hit  f>(  force  ntt%\  half-»millag 
serenity  winch  him  h  very  original  Air  *if  mthility.  WUt*1ht.^r  neur  or 
fur  c»ff  they  Uvktj  tht*ir  phiect  nAtuniUy  in  the  cunen  of  the  whttlu 
defiign^  and  CiiniUine  in  fin  iirclii  tech  mil  whole  which,  iiotwtfli- 
standing  the  ulHindiince  of  deconitivti  iiecejw^iriL'fs,  Ktill  tli mains 
true  in  outline,  bxranmioUH  in  pn)|M>rtion,  wul  grnnd  in   |^*iierid 

From  the  elevation  of  the  temple  dmwii  to  senile  these 
faces  api^ar  to  be  about  twelve  feet  high,  an<I  as  there  arc 
fifty-one  t^:)wers  thiLs  ornamented,  the  cc nr.ro  tmo  having  ten, 
the  others  four  each,  there  miiijt  be  in  all  2 10  of  these  huge 
portraits. 

The  great  temple  of  Baion  m  the  best  designed,  the  mmt 
com|)]ex  in  its  forms,  and  the  most  original  of  all  the  s^^tcred 
buildings  of  ancient  Cambo<h"a.  It  at  onee  astonishas  ami 
charms,  and  affords  a  striking  exatnjjlc  of  the  exeeptiimal 
talent  of  the  hidd  architects  of  Khmen  The  imposing 
effect  of  the  whole— iis  well  shown  in  the  view  opposite, 
greatly  reduced  from  an  engraving  in  the  atlas  to 
Oamicr's  work— depends  upon  the  skilful  grouping  of  the 
fiftj-OTie  massive  yet  highly  en riehetl  towers  anii  tnrreti*  of 
a  tapering  conical  outhne;  while  the  profusely  dtjcf*rati^ 
galleries  and  cloisters  connecting  and  surrounding  thesi% 
now  mostly  in  ruins,  contained  on  the  inner  i^surfjices  of 
their  walls  nearty  a  mile  in  length,  about  eleven  thousand 
figures  of  n>en  and  aninuils.  The  temple  was  also  decomt-ed 
with  a  great  nimiher  of  statues  of  gold,  silver,  copper, 
stone  or  woo<l,  the  latter  usually  gilt. 

The  great  palace  in  the  same  city  was  equally  largei, 
jierhaps  as  beautiful,  hut  in  a  somewhat  lighter  and  less 
highly  decorated  style.  These  are  both  very  ancient 
Acconling  to  old  native  history  the  tenijjle  was  built 
250  B.C. :  not  very  long  after  the  conquest  of  the 
country  from  India;  the  jmlace  about  three  hundred 
years  later  Their  marvellous  preservatif>n  is  due  partly  to 
their  mode  of  constniction,  jjartly  to  the  fact  that  they 
only  abaTidon^A  a\>ou\j  iVt^-^  Vmix'ad  ^ears  ago,  so 
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that  the  tle^stroyiDg  effect  of  tnipicul  i^egetation   has  only 
been  acting  on  them  for  that  ^hort  period- 

The  inmle  of  construction  of  these  building  is  thus 
doijcribed  by  Ferguson,  whose  long-continued  personal 
Htudy  of  Indian  architecture  constitutes  him  an  authority 
of  the  first  mnk.     He  aay s ; — 

**  Nothing  can  exceed  the  ^M\\  »nd  ingenuity  with  which  the 
t^toneH  of  Ml  if  roof»  are  joggltNl  and  Hbted  into  oik*  niiuther^  ntile»s  it 
is  the  Bkill  with  which  the  jointiS  nf  thi^ir  plain  walls  lu^  hci  jM>liNbeU 
Hnd  Hii  ovtJtdy  laid  without  c^uitjnt  of  any  kind.  It  lb  dittrcult  to 
detect  their  joints  even  in  h  ^un-i»icture  which  generaUy  revenls  flaws 
not  to  be  detecte<l  by  thu  eye.  Except  in  the  w^.*Iki^  of  th^  i>ld 
pyramid -building  Egyptiiins,  I  know  of  nothing  t*i  compare  with  it, 
When  we  put  lUl  these  things  together,  it  h  difficult  to  decide 
whetlior  we  imght  niowt  t-o  udtnire  the  mech*mie«l  Hkill  which  the 
Caaibudian  architects  displayed  in  c^jnatructton  or  the  largeneea 
of  ixtnception  and  ortiBtic  merit  which  perradea  every  part  of  their 
designs." 

The  stone  used  in  the  construction  of  these  temples 
and  pilaces  is  a  fine  grained  sandstone,  so  hard  and 
compact  as  to  take  a  polish ;  and  Jis  no  lime  or  ceuient 
was  used,  and  the  joints  are  so  wondt^rfully  close,  there  waa 
little  opportunity  for  seeds  to  vegetate  except  ill  the 
hollows  of  the  ornamental  curving  of  the  numerous 
turrets,  where  the  view  shows  a  considerable  growth  of 
dwarf  vegetation.  Some  of  the  surrounding  cloisters  and 
perhaps  other  jmrts  of  the  building  seem  to  have  been 
wilfully  destroyed,  perhaps  at  the  time  of  the  Siamese 
conquest,  and  in  such  broken  portion  forest  trees  have 
grown,  and  their  mots  penetrating  among  the  foundationB, 
have  so  loosened  them  that  some  of  the  towers  have  been 
destroyed  Delaporto  tells  us  that  one  turret  fell  while 
he  was  encampii^l  there,  and  ho  thinks  that  unlesa 
protected  the  whole  building  will  sm>n  In*  irretrievably 
ruined*  It  is  t43  be  hoped,  however,  that  the  French 
government  w411  see  that  this  magnificent  ruin  is  carefully 
preserved  for  future  generations.  Great  numbers  of  other 
ruins  in  about  fifty  distinct  sites,  are  scattered  over  a 
district  extending  for  400  miles  in  a  north  and  south 
direction  and  200  miles  east  and  west,  i>ccupying  nearly  all 
of  Cambodia  with  \)ott\oi\a  oi  Siam  and  Cochin  China. 
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Among  these  are  numerous  low  pyramids,  often  sur- 
mounted with  lofty  towers,  and  a  great  variety  of  other 
buildingi^  nuw  mostly  in  ruhiH,  Otht^r  tcmpliria  arc  of  much 
later  date,  and  exhibit  an  architectural  style  which  seems  a 
combination  of  Cambodian  and  Roman. 

The  people  who  built  these  magnificent  temples  and 
citteH,  ami  also  made  great  linen  of  roiuh  equal  to  those  of 
the  Rninans,  with  bridges  which ^  in  some  cases,  are  utill  in 
jjerfbct  ]>reservatitm,  are  the  Khmers,  who  still  live  in  the 
country  and  preserve  their  nationality,  though  surroundetl 
by  Siamc^se.  Chinese,  and  other  Mongol  races,  and  partly 
in  te  rm  i  xed  w  ith  th  e  m,  Th  ey  possess  an  ancient  1  i  ter atu  re , 
and  alone  among  the  surrounding  peoples  have  preserved 
some  of  the  artistic  tastes  and  powers  of  their  ancestors : 
in  painting,  sculpture  and  music  they  stand  high  ab<>ve 
any  people  of  Mongolian  nice.  Thoy  have  distinctly 
Canc4LS]an  features,  the  hair  black  ana  often  somewhat 
curled  or  wavy,  while  in  middle  age  they  are  often  well 
beanled  though  the  bean!  is  usually  extirpated.  They 
are  tall  and  well  made,  btit  are  very  dark  in  colour  n^ 
compared  with  the  Hiatnese  or  even  the  Malays,  The 
modern  Khmci-s  do  not  build  or  carve  in  stone  like  their 
ancestors,  but  they  imitate  the  old  designs  very  skilfully 
in  wood*  Every  article  of  furniture  and  all  household 
utensils  are  mori*  or  less  ornamented  with  carved  designs; 
boats,  pagodas  and  houses  are  carved  wherever  there  is 
room  for  such  decoration.  They  also  make  great  ligures 
of  gods  or  of  Bud  ha  in  miisonry^  wood,  or  bronze, 
constructed  in  several  pieces,  and  having  the  same  general 
characteristic's  as  those  of  the  old  temples. 

The  two  p*:)rtmits  here  given  (Fig*  79)  are  copied  from  La 
Mfnfanmc  dc  Cambodfjc  by  J,  Moura,  and  are  stated  tn 
be  from  photographs  of  two  Cambodians,  one  being  a 
native  dcK;t<tr,  and  although  very  coarsely  engraveil  they 
well  show  the  marked  Caucasian  features.  In  the  Athis 
to  Gamier s  work  there  are  some  coloured  portraits  of  ihese 
people,  as  well  as  of  savages  fmm  the  fon^sts  and 
mountains  *)f  the  interior,  which  have  even  more 
pronounced  Euro] jean  features,  It  seems  therefore  not 
improbable  that  the  civilised  Indan  type,  which  invaded 
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anrl  conquered  the  eountry  in  ore  tlian  four  hundred  yearss 
l>einre  the  Christian  em,  tinind  it  iniiahit<.d  by  two  mees, 
oue  dark  aiitl  more  allied  to  iheiniyCvlveiiJ,  uthen?  iighti,T 
coloured  of  Mongolian  type.  The  fomier  woiilti  probablj 
become  parti  ally  eivilized  and  intermingled  with  their 
conquerom,  while  both  may  have  been  trained  to  con- 
structive work  under  the  teaching  of  the  mi|R^rior  niiCe. 
The  wide  an^a  over  which  the  ruins  are  sprt^d,  as  well  as 


R^^-'^-^ 
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the  ennrmoiis  labour  that  must  have  been  expended  on 
theiu,  shuw  that  the  whole  area  of  the  south -east  em 
Asiatic  peninsula  must  have  l)een  densely  jjeopled  by  a 
civilized  nation,  although  consisting  of  distinct  tribeH  only 
pirtially  amalgamated.  It  is  interesting  to  note  that 
some  of  the  sculptured  figures  in  the  ruins  bear  n 
considenible  resemblance  to  the  existing  Khmei^  i^^S^  ^^\ 
Th<.'  radical  dift'erence  from  the  Mongolian  races  around 
tht^ni    is    also  iTnUcated  m  l\\^^  KVwwer  langtiage,  which 
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pHbrn  fundamentally  from  all  the  langtiages  from  Bi 
t-o  China  in   being  polyByllabic,  iu   tho  abstmce  of 
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^^Bbm  fundamentally  from  all  the  langtiages  from  Burma 

into 

nation,  and  in  gmnniiatical  structure 

We  thusi  see  that  for  a  period  of  more  than  two 
thousand  years  there  was^  in  the  great  south -eastern 
ften  insula  of  Asia,  a  dense  population  of  various  races 
ruled  over  by  a  highly  civilized  superior  mceof  nnd(mbt.ed 
Caucasian  ty|>e.  But  there  arc  still  oxinting  the  renjjiins 
of  several  other  tribes,  now  in  a  savage  state,  which  are 


Fill.  «0,— BCULPTLTWa  FROM  Ttt%  Ilt?J«Jtii  miKa. 


more  or  less  closely  allied  to  these.  Such  are  the  two 
figiireil  in  Ciamier's  Atlas  as  inhabiting  the  mountains  of 
Se-don  and  the  valley  of  Se-cong,  both  having  ftno 
aquiline  noses,  good  Ibatures,  and  long  wavy  hair  with  a 
dark  brown  skin ;  white  the  Chreans  inhabiting  the 
frontiers  of  Cambodia  and  An  nam  are  light  in  colour  hut 
with  equally  Caucasian  features.  The  Khayems  near  the 
sources  of  the  Irawaddi  have  already  been  mentioned  as 
Caucasic ;  and  I  have  been  recently  informed  by  a  gentle- 
man  in  the  service  of  the  Chinese  government  that^  on 
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the  western  frontier  he  has  ^een  very  fair  pi^ople  with 
Eurupcan  features  and  a  quite  distiiietiva  costume, 
especially  a  peculiar  head  dress  closely  resembling  in 
its  form  the  Grecian  hehnct,  and  quite  unlike  anything 
useti  in  other  jmrts  of  the  East,  It  is  therefore  highly 
probable  that  at  some  remote  ]K*rio<l  the  whole  of 
eiLvstern  aiifl  sen  th -eastern  Asia  waa  inhabitini  by  Caucasian 
rii<"eK  in  various  stages  of  ileveli>pment,  he  Pure  the  incun^ions 
4jf  the  more  hanly  Mongfils  of  the  north  broke  them  up 
and  largely  extt^nninated  them. 

Ft>r  more  than  a  quarter  <*f  a  century  it  hns  been 
rec<jgnised  by  anthropijk^gists  that  nonie  of  the  savage  and 
i^omi-civilised  jx^oples  of  southern  anx!  ca.stem  Asia  re-ally 
belong  to  the  Cauetisian  typt^  One  of  the  most  interest- 
ing of  these  isolated  fragnients  is  the  curious  hair}^  rm^ 
called  Ainos,  inhabiting  -the  island  of  Yezo  in  Japan,  and 
the  southern  jxirt  of  Sakhalin,  now  belonging  to  Rusda. 
They  are  believed  to  be  the  aborigines  of  the  eoimtry,  and 
to  have  once  spread  over  the  wliule  of  the  islands,  being 
the  barbarians  found  there  by  the  early  Japjinese  invaders 
who  exterminated  them  from  the  more  southern  and 
fertile  islandf^.  They  are  a  6ne  people  jihysiailly  and 
of  a  mild  disfwsition,  but  very  low  Jis  regarxls  material 
civili^jation,  and  extremely  conservative  of  their  old 
eustoms  and  mode  of  life.  Mi's.  Bishop  describes  them  m 
ab*:)ut  the  middle  height,  broad -chested,  the  arms  and  legs 
short  and  muscular,  the  hands  and  feet  large,  The  bodies 
of  many  of  them  are  covered  with  short  bristly  hair,  as 
shown  in  the  portrait  on  p-  407.  The  forehead  is  high, 
broad,  and  prominent,  giving  the  appearance  of  intellectual 
power.  The  nose  is  straight  but  shr*rt,  the  cheek *bones 
not  high.  The  eyes  are  large,  rather  deep  set,  and  very 
beautiful  owing  to  their  soft  expression  and  rich  brown 
colour;  and  the  skin  is  of  an  Italian  olive  tint,  and  light 
enough  to  show  the  changes  of  colour  in  the  cheeks.  In 
character  they  are  truthful  ;  infanticide  is  unknown,  and 
aged  parents  receive  filial  reverence,  kindness,  and  support, 
while  in  their  social  and  domestic  relations  there  is 
much  to  admire.  They  are  treated  as  barbarians  and 
inferiors  by  their  <"\a^ties¥e  tuW^,  ^^^  it  k  impossible 
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to  avoid  a  suapicii^ii  thnt  they  are  fully  the?  equals  of  their 
Qiastei^,  when  we  see  the  refinement  and  Wiuty  of  their 


YtU.    HI.   -  MSi)  ¥AWt    I^KAJ'. 


heM   reprcwntativt's  as   shown   in   ihci    jihotograph   here 

Ireproducfil    (Fig.  81>,  a    type  which    in  very  similar   to 
Ihe   man  figured,  with    his  wife,  in   Captain   Marshal  Is 
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Phrtndogi&i  among  th^  Tmlas — a  tribe  in  southern  India 
— under  Iho  title  "  Adam  and  Eve:" 

The  fact  that  a  complete  state  of  savagery  is  quite  com- 
patible with  elevation  of  type  is  shown  by  the  Veddahs 
of  Ceylon,  bt^lieved  to  be  the  aborigines  of  the  island  and 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^P,                                                                                '*^^^T^^B 

^^^H 

still  living  in  the  dense  forests  in  a  completely  savage 
state.      They    are    looked    down    ufM-*n    by    the    other 
inhabitants  as  little  ix'movcd  from  wild  beasts,  yet  their 
physical  charact eristics  show  them  tu  be  a  fine  race,  with 
all  the   essuntiat   {■haracterjstie,*^  of  the  OauejLsian   type. 
The  j-eprod actions  of  three  very  beautiful  photographs  of 
the^e  interesting  peo^k  {^'\^^  %%  ^'^,  and  84),  show  them 

Fifi,  ^—A  limoiVf  W  ^tebt^Juus     ^^^ 
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be  the  equals  of  the  Ainos  and  Tixfas  in  perfection  of 
^rm  and  features,  and  to  be  iininustakably  of  the  name 
imdatiienttil  ty|)e  as  ourselves. 


FtohahU  Or  iff  In  of  the  Browti  Ptdi/ncsiaTH^ 

Wo  are  TMW  in  a  jHisition  t^j  i*x plain,  with  some 
an>hability;  the  ]>re?5onc4'  of  mj  high  a  typo  (of  undoubteii 
^aueiyiian  aftinities)  in  th<^  Faoifir,  from  the  Carolines  to 
ster  Islanrt  niid  from  Hawaii  to  New  Zealand,  At  a 
time  when  the  whole  eastern  coast  of  ti'i>picjil  and  sul>- 

opical  Awia  was  oecii|)ii'd  by  varieties  of  tlii*^  i'act%  whieh 

ctendt*fl  also  U)  Japan  and  to  itn  outlying  islands,  canoes 

4>iihl  bo  occasioniilly  earriu<l  out  to  *sea  by  k-iniwsts,  and 
!n  this  way  iK>pulatitin  ^vould  spread  farther  and  farther 
fn^ni  the  continent.     Taking  Japan  as  a  [probable  starting 

jint,  owing  to  the  enonn(jus  exttmt  of  its  coast  lino  and 
Its  inland  yeivs  and  straits  leading  to  the  development 
&f  biJtl    navigatoi'J?j  first    the    Bon  in    Inlands,  then    the 

tfulronas  and  the  Carolines  would  be  thus  ]ieopled,  since 
for  at  Iciw^t  hal t'  the  year  north-westerly  winds  and  guiles 
prevalent  betwi^en  Ja[>jin  antl  the  northern  tropic, 
laving  once  reache<l  thus  far,  slowly  but  sincly,  perha|k8 
^fter  hundreds  of  years,  when  these  small  and  unvaried 
elands  bcc-anie  ovcr|jopidated,  further  eastward  I  migmtifjn 
roidd  (jccur,  either  by  accident  or  design,  to  the  Marshall 

H)Up,  w^hence  an  almost  continuous  sorites  of  groups  and 
&lets  extends  south -east  wani  through  the  Gilbert  and 
Ell  ice  Islands  to  Tonga  and  Hamoa,  the  first  largf 
[lountainons  and  fertile  islands  in  this  direction  ada]>ted 
Uy  suj)ply  all  the  conditions  for  an  enjo^^able  existence. 
These  liist  funned  the  centre  from  whichjat  a  later  jx^riod 
yhen  they  had  lK*conie  fully  peopled,  the  mce  spre^id  to 
^ie  8andwieli  Islands  an<i  U)  New  Zealand, 

This  ni ignition  from  temperate  Asia  will  avoid  all  the 
lirticultiL's  (if  ihv  itnlinary  vii^w  of  an  **rigin  from  the 
lalay  Jj^lands,  i^ince  in  them  there  is  no  indication  of  an 
tmrly  tjeen|jation  by  a  Caucasian  race,  while  the  distances 
be  tntveiBed  are  far  greater,  and  there  are  on  the  rotite 
tbundance  of  islands,  thinly  inhabited  either  by  jx^ople 
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of  Papuan  or  Malayan  race,  among  whom  Llie  primitive 
Caucasians  could  have  settled ;  and,  if  they  ultimately 
passed  on  eastvirard^  they  would  certainly  have  carried 
with  them  some  indicatiou  of  such  a  residence  in 
their  language,  in  the  use  of  the  bow-and^arrow,  and  in  the 
art  of  making  pottery.  The  deficiency  of  the  whole  of  the 
Mahoris  in  this  latter  particular  is  well  explained  by  the 
theory  of  their  migration  step  by  step  through  Micronesia 
fmm  the  coasts  of  Japan  or  China.  In  these  small  islands, 
mostly  of  coral  with  occasionally  some  liJisaltic  rock,  the 
materials  for  making  p<jttery  would  rarely  exist,  even  if 
among  the  immigrants  there  were  any  persons  who  knew 
how  to  make  i  t.  And  as  it  m  ight  be  a  dozen  generations,  or 
even  much  more,  before  their  descendants  reached  such 
large  islands  as  those  of  the  Tonga  or  Samoa  groups,  all  ulvn 
uf  such  utensils  would  have  long  died  out,  and  the  f>eijple 
would  be  quite  content  with  the  modes  of  cookery  they  had 
luanit  during  their  long  eastwaitl  migration. 

One  other  outlier  of  these  brown  Caucasians  is  found 
in  the  Mentawi  inlands,  the  southernmost  of  the  long 
chain  that  lies  c»ff  the  west  cotist  of  Sumatra.  These 
people  are  described  as  being  like  Polynesians,  but  un- 
like all  the  true  Malayan  tribes.  Their  language  in  its 
abundanue  of  vowels  is  like  that  of  the  Mahoris,  and  the 
people  resemble  them  also  in  the  mildness  of  their  dis* 
position  and  their  love  of  floml  decomtioi^  Frofessi>r 
Keane  regards  them  eus  the  last  remnant  in  this  direetion 
of  the  ancient  Caucasic  people  that  once  occupied  south- 
eastero  Asia  and  perhaps  what  are  now  the  larger  Malay 
Islands,  but  who  were  elsewhere  driven  out  or  extermiu- 
ak*d  by  the  Mongolian  iuvtision. 


Ctmiparison  of  Anstralians  and  iJm  Lower  Catimsmns. 

Ke turning  now  to  the  Australians  let  us  sec  how  far 
they  will  bear  comparison  with  the  remote  outposts  of  the 
Cauca-sian  race,  as  illustrated  by  the  reproductions  of  a 
few  of  Profeasor  .Spencer's  beautiful  phut*igraphs  of  the 
Central  Australian  tribes.  The  man  of  the  Arunta  tribe 
(Fig.   85),  with  bis  ftini  Witi,\\v=s  ^^^^  W,ks  and  good* 
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looking  pktisani  faee,  though  a  little  coarser  ia  not  very  far 
removed  from  the  man  of  Samtm  (at  p,  413),  or  even  from 
the  Tonga  man  (at  p,  411),  the  very  handsomest  I  have 


AN    WlTll    l^fNK    I1KAR[}, 


^  yet  seen  a  portrait  of.  The  two  old  men  guanling  the  saciTfl 
**  ChiiringJi  "  (Fig.  W)  are  hardly  \vm  gond  li  inking;  Imt  1 
have  nowhere  been  able  to  obtain  a  goud  portiuit  of  a 
young  Australian  of  pure  type  and  in  the  prime  of  life. 


I 


i 
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The  nearest  apprrwich  is  the  accompanying  portiuit  of  a 

native  of  lln-  Nurtliern  Territory,  froiri  Admiral  Mni-lonr'H 
collection  (Fig.  87).  This  hHows  us  a  similar  tyije  to  that 
of  the  old  man  figured  at  p,  462,  and  the  lank  slightly 
wavy  hair  indicates  that  there  is  no  admixture  uf  Papuan. 


Fltl,    81*— NATIVX  or  TUB  MOMTlllJlH  TXRRITORV,    AUJffTliALIA, 


The  face  is  very  similar  to  that  of  some  of  the  Hill  tribes 
of  the  Indian  peninsula^ — the  sO'eaHed  Dra vidians — most 
of  whfuji  are  probahly  Cailcai^ians  uf  luw  type. 

Again,  the  twn  Australian  wiinien  here  represented 
(Figs.  88  and  H9)  ai*e  but  little  inferior  in  ty|>c  to  the 
woman  of  Samoa  (at  p.  414),  or  even  to  the  Hawaiian  girl 
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(at  p.  409),     In  all  these  cases  the  Australians  have  sorae- 

what  coarser  features  *if  a  Blightly  mure  Mcgrokl  type,  hut 


FlQ.   HL—WitHK^    AHlt  iUtLLi.      AJBCWt* 


in  cssentml  characteristics  thoy  agree  fairly  well.       The 
(f^jieeusland  woman  (p,  W^)  \^  ^  lau^cU  more  Eegroid  that 
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Kitj.   BJ.— Ytft'NiJ    won  AS*      .^liL'MA    riiiii:. 


she  most  likely  hiis  some  ance^itral  cross  of  Papuan,  Negrito, 
or  even  true  negixi  blocml,  since  during  the  last  century 
L negro  slaves  were  to  be?  found  on  many  European  ships. 
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From  the  existence  of  a  different  and  very  low  type 
in  Tasmania, apparently  allied  to  the  Negrito  more  than 
to  the  Papuan,  it  seems  piobible  that  they  may  have  been 
the  primitive  inhabitants  of  Australia  or  some  portion  of 
it,  and  that  they  were  partly  absorbed  partly  extenxiinated 
by  the  Austmhans,  who  themselves  must  have  entered  the 
country  at  a  very  remote  epoch.  Such  an  intermixture 
might  explain  the  coarm^mea**  of  features  which  removes 
the  Auatnxlians  s<j  far  from  all  other  remnants  of  the  Cau- 
casian type,  with  which  they  yet,  in  their  best  examples, 
unmistakably  accord.  Our  general  conclusion  ts,  there- 
fore, that  Ixith  Polynesians  and  Australians  belong  to  the 
same  fundamental  division  of  the  human  race  as  ourselves 
— the  Cauciisian.  The  Polyne.sians  are  considerably  ad- 
vanced intellectually  and  of  a  higher  type  physically,  and, 
although  somewhat  coarser  in  fcatun.^s,  are  in  both  re^spects 
the  equals  of  average  Europeana  The  AuBtnilians  are 
far  coarser  physically  and  lower  mentally  and  morally. 
They  are  distinctly  nearer  to  the  animal  iirogenitors  of 
man,  and  must  be  of  immense  antiquity  in  their  present 
abode.  Yet,  as  they  poRsesa  the  main  features  of  the 
Caucasian  tyjjc  very  well  marked,  they  carry  us  back  but 
a  Very  few  steps  towards  the  primitive  man  b^?fore  he  was 
differentiatcHl  into  the  three  great  races — the  Mongoloid, 
Negroid, and  Caucasian. 


CHAl^ER   XXII 

THU    PKUJiLEM    t>F    INSTINCT^ 


There  is  probably  uu  aubjuct  in  the  wholt-  rauge  yf 
biology,  the  study  of  which  hin^  been  bo  univeiisally 
neglected  tis  Instinct.  Both  scientific  and  poptilar  wrifcei"s 
continually  refer  to  it  as  if  its  nature  and  liniitationa  were 
matter  of  conmif>n  knuwieilge,  and  it.^  facts  ao  well 
established  an  to  be  ahiiost  above  criticisn].  Yet  when  we 
aak  how  it  is  known  that  certain  action:^  of  man  or 
animah  are  due  to  instinct  and  not  to  experience  or 
imitation,  we  find  an  almost  toUi\  absence  of  accurate 
observation  or  experiment,  while  hanily  two  writeni  are 
agreed  as  to  the  exiict  meaning  of  the  term.  It  is  only 
within  the  last  quarter  of  a  century  that  a  few  biologists 
have  made  any  careful  experimcnta  on  the  ijhunomena 
preisented  by  the  actions  of  the  higher  animals,  under  such 
conditions  as  entirely  to  exclude  the  agency  of  imitation 
or  of  parental  guidance ;  and  although  these  experiments 
are  as  yet  quite  insufficient  in  quantity  and  far  t^jo  limited 
in  scope,  having  regatti  to  tlie  wide  fitjld  covered  by  the 
Lotions  and  behaviour  usually  considered  to  be  instinct! ve» 
^yet  the  results  reiielied  are  already  very  interesting,  and 
are  sufficient  to  show  us  that  we  neetl  not  desp;iir  of  a 
comijlete  solution  of  the  pix^blem,  at  all  events  as  ifgards 
the  liigher  animals. 
One  of  the  first  English  observers  to  attack  the  problem 


*  JIahit    mut    hudinri^    by    C\     Lloyd    Mprgitii^    RG.S, 
London  :   ICilward  AiiiuLd,  1890,      Pi  ret:  Itk. 
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on  the  experimental  method  was  the   late  Mr,   D< 

Spalding,  who  in  1873,  in  MaanUlang  Alla^a2inc,  deecril 
a  number  of  experiments  on  young  chicks,  and  ducklings, 
carefully  blinded  for  the  first  few  hours  after  birth.  His 
conclusions  were,  that  these  young  birds  not  only  showed 
intuitive  power  of  walking,  scratching,  and  pecking,  but 
also  possessed  intuitive  knowledge — or  acted  as  if  they 
possessed  such  knowledge^HDf  various  kinds.  He  asserted 
that  they  were  afraid  of  boes  and  of  the  cry  of  a  hawk, 
and  that  thoy  intuitively  knew  the  meaning  of  a  hen's 
call- note  and  danger-signal  when  heard  for  the  fin^t  time. 
These  results  were  opposed  to  Mr.  Spalding's  preconceived 
ideas,  and  were  therefore  the  more  readily  acceptotl  by 
naturalists*  and  they  have  been  frequently  quoted  as 
settling  this  point — the  possession  by  young  animals  of  in- 
stinctive knowledge  as  well  as  the  power  of  co-ordinated 
movements  of  various  kinds.  Now,  Professor  Lloyd 
Morgfin  has  repeated  all  these  experiments  many  times 
and  with  a  considerable  variety  of  species,  and,  while 
confirming  many  of  Mr.  Spalding's  observations  and  con- 
clusions, has  shown  that  those  just  referred  to  are 
erroneous.  More  important  still,  he  has  shown  exactly 
where  and  why  the  conclusions  arrived  at  are  erroneous, 
and  has  thus  afforded  most  valuable  guidance  to  future 
ex|jerimenters  in  this  interesting  inquiry,  Some  examples 
of  these  corrections  are  the  following. 

Mr.  Spalding  noticed  a  (liflFcreuce  in  the  behaviour  of 
young  chicks  to  Hies  and  to  bees,  and  concluded  that  they 
"  gave  evidence  of  instinctive  fear  of  the  sting- bearing 
insects/*  This,  if  true,  would  be  very  important,  since  it 
would  show  an  intuitive  knowledge  of  the  dangerous 
chamcter  of  a  spt^cial  insect,  and  if  of  one,  presumably 
of  all  the  more  counnon  dangerous  or  hurtful  objects, 
anteeeelent  to  experience.  But  the  whole  series  of  ob- 
servations made  by  Professor  Morgan  himself,  as  well  as 
those  injide  by  other  good  observers,  shows  that  young 
chicks  have  no  such  perception  of  the  qualities  of  objects. 
They  pi<!k  up  stones  as  well  as  grain,  bit*^  of  rini  worsted 
as   well  4i8   worms,  gaudy-coloured  inedible  caterpillars 
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^^Bs  well  as  those  which  arc  t^dible.  They  do  not  recogoizo 
^^ter  till  they  have  felt  it,  and  they  do  not  know  that 
water  is  drinkable  till  contact  with  the  beakis  sets  up  the 
nervous  and  muscular  reactions  of  drinking.  By  a  scries 
of  careful  exptninieiits  Professor  Lloyd  Morgan  shows  that 
young  chicks  have  no  fear  of  bees  as  bees,  but  merely 
because  they  are  large  and  unusnaL  They  are  equally 
suspicious  of  a  large  fly  or  beetle,  and,  though  eating 
small  worms  greedily,  arc*  afraid  of  a  large  one.  And 
when  the  chit!ks  were  a  few  days  old,  and  were  no  longer 
afraid  of  large  flies,  they  showed  no  fear  even  of  wasps. 

kwhen  presented  to  them  for  the  first  time. 
t  Yery  similar  is  the  correction  of  Spalding  s  statements 
that  his  young  chicks  gave  the  danger-signal  when  a  hawk 
Was  flying  high  overhear],  and  that  a  young  turkey  showed 
equal  alarm  when  a  young  hawk,  kept  in  a  cuplx)ard, 
uttered  a  shrill  soiuid  ^  whence  he  concluded  that  the  fear 
[  of  biixb  of  prey,  whether  seen  or  heanl,  wjis  instinctive. 
For  it  is  now  shown  that  any  strange  object  or  an^ 
unusual  sound  causes  exactly  similar  alarm  when  first  seen 
or  heard  by  any  kind  of  young  birds,  and  Mr.  Hudson,  of 
La  Plata  fame,  ciime  to  a  similar  conclusion.  Other  cases 
which  have  been  thought  to  prove  instinctive  dread  of 
fenemies  in  various  young  animals  are  shown  to  be 
explicable  on  similar  principles;  any  sight,  or  sound  or 
smell,  very  different  from  what  they  have  been  accustomed 
to,  alarms  them,  and  they  learn  what  arc  really  danger<jU8 
cither  through  the  mictions  of  their  parents  or  by  their  own 
personal  experience. 

But,  though  young  binls  and  mammals  do  not  {possess 
instincts  which  enable  them  to  discrimLnate  between 
objects  that  may  be  useful  and  those  that  may  be  hurtful 
to  them,  they  offci^n  possess  the  most  wonderful  acuteness 
of  th  e  se  n  ses  an  1 1  po  wers  of  co  -  ord  i  nati^  1 1  m  u  >^c  i  d  ar  ac  t  ion , 
which  enable  them  rapidly  to  acquire  the  knowledge  that 
is  esisential  to  them.  The  young  chick  tmly  a  few  hours 
out  of  the  shell  walks  and  runs,  and  is  able  to  pick  up 
small  objects  in  its  lx:*ak,  some  being  n?jected  and  others 
swallowed.     The  young  ''■•"^'  ' """  ™^-"    —^  '- *      "^^ 


swims 


put 
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water,  or  when  it  accidentally  walks  into  it,  but  it  has  no 
instinctive  rlcsirc  for  it,  and  does  not,  as  18  often  stated, 
run  to  it  ft'om  a  distance.  Young  dij>pers  dive  iKirfcetly 
the  Ai'st  time  they  reach  the  water,  and  young  swallows  fiy 
with  great  precision,  avoiding  obstacles  almost  as  readily 
as  do  the  old  birds.  With  such  congenital  powers,  and 
with  an  instinctive  fear  or  suspicion  of  overythintj  that  is 
stningc  Uj  them,  they  learn  with  marvellous  mnidity;  and 
having  once  found  that  a  particular  object  is  disagreeable 
or  unht  for  food,  they  rarely  require  a  second  lesson,  and 
thus  ill  a  few  days  iiccunmlate  a  stock  of  experience, 
which,  unless  the  proct^^ss  has  been  closely  watched,  may 
easily  be  set  down  to  instinct. 

About  one-thinl  part  of  Profe^ssor  Lloyd  Mr^rgan  s  work 
is  devoted  to  sucn  experiments  and  observations  on 
young  binis  and  mammals  as  have  now  been  indicated, 
and  the  amount  of  new  and  varied  infonnation  here 
bnsught  together  is  sufficiently  large  to  form  the  basts  of 
sound  rciisoning  on  the  nature  and  limitations  of  the 
fiicnlties  involved ;  and  perhaps  no  living  biologist  is 
better  fitted  to  do  this  successfully  than  the  author.  In 
the  series  of  chapters  headed  i  ''  The  Relation  of  Con- 
sciousness to  Instinctive  Behaviour,"  **  Intelligence  and 
the  Acquisition  of  Habits,"  "Imitation,"  and  "The 
Emotions  in  Relation  to  Instinct/'  we  have  a  careful  and 
interesting  study  of  the  physiological  and  psychological 
aspects  of  the  tacts  that  have  been  laid  before  us ;  a  study 
which  is  in  the  highest  degree  instructive,  and  which  will 
serve  to  guide  future  students  of  the  subject  bi>th  as  tp 
the  interin'ctation  of  the  facts  already  esbabHshed,  and  as 
to  the  observations  most  needed  for  the  elucirjation  of 
matters  which  are  still  unsettled.  These  chapters, 
however,  are  hardly  suited  fur  illustmtion  oi  summary, 
imd  we  will  therefore  pass  on  to  those  which  deal  with  the 
alleged  instincts  of  adult  animals,  and  with  some  of  the 
most  disputed  questions  which  now  divide  biologLsta ;  butj 
lM.*fore  noing  so,  it  wili  be  well  to  quote  the  author's 
definition  of  instinct,  as  well  as  the  conclusions  he  has 
reached  as  to  its  nature, 
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Afc  the  end  of  the  first  chapter,  which  gives  a  jxipuiar 

skott-'h  of  the  facts  which  demand  explanation  or  verifica- 
tion. Professor  Morgan  says : — 

*'  We  inny  now  stim  up  wbnt  hue  betjn  mivanced  in  the  foregcnn<f 
ilW-uHHiun,  tunl  Hi\y  tlnkt^  froni  tliu  }nol<»j(icjil  |xmit  of  viow,  in«tinct8 
lire  t!*>ngunitjil,  ^uljijitlve,  nml  t^(i-(HtlinaUxl  t'lctivitit^H  itf  rul'ilivt?  com- 
plt-xity^  ami  inv^nlvjnff  the  lielmviour  of  the  iirganiMiiv  as  a  wliolo. 
Thuy  art]  iitit  ch?imct.t*ristic  of  itiiUvjUiuvk  ris  such,  but  ai\;  wiiuiliirly 
(K^rfiinnetl  1>y  ;kll  liku  nieikilH^i'H  nf  thu  Kfiaie  iiii>rtj  nr  I^^hh  ri!»triel>04l 
grouji,  tinder cirin I uwtanctia  which  are  either  i>f  frL4[uynt  rtH3Urreuco 
or  mm  vil/iUy  QSMentictl  U*  tho  ciintinuance  i>f  the  race*  .  .  .  They  art 
t<>  be  difttinguiwhotl  from  ljnhit«  whith  owe  their  delinjteness  U* 
individual  aoqubltion    and  tlio    rei^jtition  of   individual    [wrfor- 

And  after  having  described  the  various  actions  of  yoitng 
antecedent  to  experience,  our  author  summarizes 
8diiie  of  the  cone  1  us  ions  to  be  drawn  from  the  observa- 
tions as  follows  :■ — 

^^  1,  That  which  m  conge tii t'dl j  defiini^^  ii^  inKtinetive  liehavionr  in 
eaaentially  a  motor  responrtc  ov  train  of  motor  resjHjnses,  Mr»  Hor- 
bert  Spencer'^  deucription  of  iostinct  us  compound  reflex  nction  m 
thuB  juHtilied, 

**2.  Tljeso  of  tan  show  very  accumte  and  nicely  adjusted 
congenital  or  hereditfiry  co-firtUnatioim. 

**3.  They  arc  evoked  by  stimuU,  tho  general  type  of  which  is 
fairly  definite,  andniay,  ld  »ome  camR^  be  in  response  to  partlculnr 
objects*  Of  the  lattur  possibility  we  have,  however,  but  little  satis- 
factory evidence. 

"4,  There  doe«  not  seem  to  be  any  convincing  evidence  of 
inherited  ideas  or  knowledge  (as  t^he  term  is  popularly  used)  \  that  is 
to  say,  the  facts  can  be  equally  well  explained  on  the  view  that  what 
18  inherited  Ls  of  the  nature  of  an  organic  re8[>onse* 

**  5,  Association  of  ide^w  is  strongs  and  is  rapidly  formed  as  the 
result  of  individual  acquisition, 

^'(it  Actjuired  detiniteness  is  built,  through  jtssoeiationf  on  the 
foundation  of  congt^nitfil  reaiKmsew,  which  are  moditied,  under 
exiverience,  to  meet  new  circumstances. 

*'  7.  Acquired  dehniteness  may  p^yis,  through  fretjuent  repetition, 
int^i  more  or  less  steret-ttypod  habit/' 

Having  thiis  given  the  author  s  standj)oint  and  his  main 
conclusions  fnmi  a  body  of  well-observed  faet.8,  we  will 
pass  on  to  his  tn^atment  of  thos45  activities  of  adult 
animals  which  are  generally  classed  as  iuBtinctive. 


t^H  inximL  ^mantiffK 


5\nu^H  br  Urdb  «r;  duKrihcdL  aid  nraisMor  IJoyd 
L'/r]j^i  ^:>tfUA  is^:\wi^  W  the  frwrluiina  that  tlKJr  gresfc 
A^\hi*jytu*iU\  indkaUsi  tber  aetioo  of  that  fivm  of  sexual 
V;l^:^^i/yfi  U^n/v^  ^ ymkfmxiid  mating"  Sr/me  additi<fiia] 
oi>*a^^n'aiti/yriit  ar^  'juc4^  vbicfa  mpport  this  view,  bat  the 
fiii^iil  c^/rM;lviM^A  11$  that — **  in  all  these  matteis  farther  and 
fulUff  t'A'iti*ijy(>t  fffjta  dirhci  ofaKerration  is  to  be  deared.*' 

77i<;  li'rxt  chapter  is  on  ^  Nest-boiMing,  Incabatioa,  and 
iHifniii^m/'  am  afiV/itls  much  matter  for  caiefbl  can- 
hidt^rdiihu.  As  t/>  n^Atrbailding  the  present  writer  has 
silwsiyh  HT'iCiA  that  canrfiil  experiments  are  required  before 
w<;  /^fj  iy'j'M\fi  ;is  instinctive  the  building  of  a  peculiar 
lyfM;  of  rj'rht  by  <rf4^:h  sjiecies  of  bird ;  and  we  find  a  few 
hii'ili  nti'Mui  oxpfriments  now  a^lduced.  But  when  we 
r<rf/i<rffiU;r  how  such  a  cfireful  experimenter  as  Spalding 
WiiH  U'A  it)  vfrtfU^  c;r>ncluHions  through  not  varying  his 
i'.%\H'r\ui*'.ulH  Hufficiently,  the  few  experiments  yet  made 
on  n<;Ht  liuildirig  iindor  cx>nditionH  by  no  means  rigid  and 
wif.h  n'Miilts  not  d<.'w;rilH*d  in  sufficient  detail,  can  hardly 
\)i*  iui'.o\tU'A  jiH  H4;ttling  the  rjuestion.  This  is  one  of  the 
|irobl<'iiiH  tluil  (MUX  only  lie  finally  settled  by  experiments 
U'u'A  on  u  l/irg'f  wraKt  ;ind  with  everj'  precaution,  and  the 
nniiltH  pn'H<  rvcd  for  fvinijwirison  and  study;  and  if  ever 
fin  I'XiM'rirnrntiil  hiolo^icjil  farm  i.s  eKtablished  this  subject 
of  niMilicution  would  form  ono  of  its  most  valuable  and 
(•onipiinitiv(?ly  t'lwy  iiKiuirics. 

Thr.  Mifjratory  Instinct. 

INiMHin^'  over  a  vrry  interesting  discussion  as  to  the 
liabitH  of  tlir  cuckoo  and  their  probable  oririn,  and  one 
hanily  Icmh  intcn'Hling  on  the  habit  of  the  lapwing  and 
many  ol.hrr  binls  of  Hiniulating  injury  to  distract  attention 
from  ni'Mf.  or  young,  we  p<uw  on  to  the  broader  and  more 
iniporUmt  Hubji'ct  of  migniiion,  which,  however,  is  rather 
briefly  lifatt^d.  Tlu*  tn'idenco  now  accumulated  seems  to 
juMtily  rn»!eHsor  Moytl  Morgan's  conclusion,  that  while  the 
niignilory  in\\>ulKi^  is  innate,  yet,  "  the  element  of  tnidi- 
(•loniil  guiduueo  may  Vv^  v^'Kv^'c?\,\\v^,\\i\Jt!kfc  \sk\^gc^tvQn.  stream 
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as  a  whole,  in  some  way  thafc  we  have  hitherk>  lieen  unable 
to  observe/*  The  chief  obsttvcle  to  this  view  con^tists  in 
the  well-know^n  observations  of  Herr  Gatke  at  Heligoland, 
that,  during  the  autumn  migration,  in  the  case  of  the 
great  majority  of  species,  the  young  birds  migrate  earliest 
and  alone,  the  adults  following  considerably  later.  But 
admifctingj  as  every  one  miistj  the  accumcy  of  Herr  Gatke's 
observation  J?,  does  the  conclusion  necessarily  follow  ?  He 
himself  assures  us  that  the  birds  which  rest  on  or  pxss 
within  sight  of  Heligoland  only  form  a  fmction  of  the 
whole  of  tne  migrating  hordes,  most  of  them  travelling  by 
, night  at  great  altitudes,  and  very  few  passing  within  sight 
of  the  island,  and  of  these  few  only,  perhaps,  one  in  ten 
thousand  stopjiing  to  rest.  The  fact  that  ytmng  birds  of 
many  species  are  the  first  to  visit  Heligoland  every  year 
without  exception,  may  possibly  be  explained  by  the  fiict 
that,  while  the  older  birds  which  lead  the  way  travel  high 
and  go  on  without  stopping,  a  large  number  of  the  young 
fly  lower,  and  being  either  fatigued  by  the  long  un- 
accustomed flight  or  attracted  by  the  sight  of  the  land, 
descend  to  this  elevated  and  fertile  islet  for  rest  and  food. 
The  late  MnSeebohm,  whose  extensivejounieys  to  Siberia 
and  in  various  parts  of  Europe  for  the  purpose  of  collect- 
ing and  studying  birds,  rendered  him  an  authority  on  this 
subject,  gives  the  early  migration  of  young  birds  on  the 
authority  of  the  Heligoland  observers,  but  does  not 
support  it  by  any  observation  of  his  oAvn  in  the  northern 
regions  from  which  so  many  of  the  migrants  come.  In 
Anaerica,  although  some  writers  state  that  young  birds 
migrate  first  in  autumn^  Mr.  C.  Hart  Merriani,  of  the 
Department  of  Agriculture,  tells  us  that  this  notion  is 
'*  contrary  to  the  ex|K^rience  of  most  leading  American 
Ornithologists  and  k>  the  information  collected  by  the 
Committee  on  Migration  of  the  American  Ornithologists' 
Union /*^  But  if  we  reject  the  conclusion  based  upon  the 
Heligoland  facts  as  not  necessarily  following  from  them, 
we  shall  find  that  there  is  not  much  diftienlty  in  forming 
a  theory  which  accounts  for  the  main  phenomena,  and  the 

'  Bejiort.  071  Bird  Miipnlion  in  the  MtJtins^ij^pi    Valhtf^  by  W.    W. 
Cdokcj,  {k  IS.  Footuote. 
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outlines  of  such  a  thuLiry  havu  boon  very  well  exprL»SBt^d  by 
Mr.  Seebohm  hiiiifsclf  at  the  end  of  the  chapter  on 
"  Migmtion  ''  in  his  GcograpMeal  I}idribuiion  ofi/m  Cluim- 
driidw,  in  the  following  pjvssage: — 

*'  Tilt'  ^iHMi'iiihbt«(L'  (tf  iiii^i"ihn;v  iijnlM  m  Wf;^^  fliK^ks,  whidi  in  iiiaiiy 
uistvH  wait  fi»r  ti  ffivtiunililt^  wind  hefiirc  tht;^'  vt^iituie  to  criifiH  **iiki 
Htretches  *if  nen^  urul  cimKeqii^ntlj  nUiii  riltfigether  t%H  8rH.*ii  sij^  the 
wenther  is  fiuit^ihle,  and  a-rtive  on  the  oth^r  side  in  etionnuus 
inuiilHirH  or  ruKjiuK  ;  the  keyii  «ij^bt  of  Innln  and  thoir  extmortiuwiry 
memory  for  hicjility  ;  the  gixsnt  variiity  of  rrjiifc^is  choson^  iind  the 
ptsrtinacity  with  which  efich  f^ia*ciuH  keojiw  t<j  tt«  uivn  rtiute — these  and 
many  uther  fjtct^  nU  i>oint  in  tine  direction*  The  dea^ire  Ut  migmte 
m  a  licsreditary  iuqiulfte,  fco  which  the  deacendfints  uf  migmtory  birdii 
aro  fluhJQct  in  Hpringiind  Autumn,  which  hi\s  ncqniroda  f « >rce  almoiRt« 
if  m>t  finite^  ius  irrejswtihle  as  the  hereditary  imiiulfie  tt«  breed  in  the 
spring*  On  the  itther  hand,  the  routes  of  niigi^ition  have  tfj  be 
1  ear ued  by  n  j  d  i  v  id  iial  l^x  peri  enco .  The  th  eory  that  the  k  n  <  j wletlge  of 
when  and  where  Uj  migrate  it*  a  inyHterious  gift  ai  nature,  the 
ndntcuhius  iiiiality  of  which  is  attienij^ted  tc»  be  concewloil  under  th*> 
.semi -Hcien title  t-erm  uf  in^fhuii  is  no  longer  tenalde." 

The  views  here  expressed  appear  to  iiie  to  harmonise 
well  with  the  general  conchisions  as  to  the  nature  and 
limitations  of  instinct  arrived  at  bj  Professor  Lloyd 
Morgan,  and  they  are  enforced  by  some  considerations 
which  writei^  on  this  subject  usually  overlook.  The  nu- 
merous recorded  fiicts  of  birds  returning  year  after  year 
to  build  in  the  siime  5pots  as  in  the  preceding  year,  indi- 
cate that  most  of  the  spring  nxigrants  are  old  birds. 
Not  only  is  this  the  general  belief  of  observers,  but  it  is 
rendered  probable  by  the  known  longevity  of  most  birds, 
and  the  obvious  circumstance  that  those  which  have 
escaped  the  dangers  of  the  double  niieration  on  the  first 
occasion  will  Ix*  more  likely  to  escape  in  each  succeeding 
year,  so  long  as  health  and  strength  continue*  The  fact 
that  the  Vjreeding  popnlation  of  birds  in  any  country  dtx^s 
ilot  increase  year  by  year^  but,  though  there  are  consider- 
able fluctuations,  remains  on  the  avemge  constant,  proves 
that  there  must  be  an  enonnous  destruction  of  tlie  yotmg 
bin  Is,  wfiieh  eertivinJy  amount  in  number  t^J  several  times 
as  many  iis  the  old  ones,  and  it  seems  probable  that  this 
destruction  takes  place  during  the  two  annual  migrations^ 
and  more  etipeciaUy  iunug  tW  ^m\.  «vw  m  '^\\Vcc«\\^.,NMV\^ii\ 
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Ihe  young  birds  have  IukI  no  pmctice  in  long  continued 
flight  and  no  cxporiL-ueu  of  the  ilangei-s  of  the  sea.  If 
the  birds  of  more  than  ontisesisnn  Hvl'  on  the  average  only 
four  or  five  yoai*???  inoro,  it  follows  that  oidy  a  very  small 
jx'iTceiitage  of  the  enormous  aTiriual  progeny  of  3'(^unghird.s 
e4vn  .survive  to  take  thoii'  plurr.  Hi^nee  it  may  wi'll  bo 
that  all  th*)se  eountli^ss  myriads  nf  binls  of  the  year  that 
visit  Heligoland  are  among  tho  tailurc^s  which,  if  they 
leave  the  inland,  }x^mh  in  the  waters.  We  know  that 
enormous  numbers  must  perish  during  each  year,  and 
where  so  likely  ^is  during  that  Hn*t  attempt  to  tmvei^e 
the  North  Sea  ?  This  is  rendert^t!  ahnost  certain  by  the 
recently  issued  Report  of  the  British  Association  Com- 
mittee on  Bird  Migration,  in  which  it  is  stated  that  at 
the  various  ptiriods  of  the  great  autumnal  rushes  at 
Heligoland,  when  countless  thousands  of  birds  visit  or  pass 
over  that  island,  no  corresiK>nding  influx  has  been  noticed 
on  our  east  coasts  during  the  four  successive  years  that 
the  two  records  have  been  compared.  Either  then,  these 
myriads  of  birds  passed  southward  to  Holland  or  flew  out 
to  sea  antl  were  mostly  lost  An  Herr  Gatke  does  not 
mention  any  corresponding  flights  along  the  coasts  of 
Hollaml  and  Belgium  it  is  to  be  presumed  that  they  have 
not  been  noticed^  find  we  are  almost  forced  to  the  con- 
clusion that  the  greater  part  of  these  young  birds,  whose 
immense  numbers  at  Heligoland  excite  so  much  astonish- 
ment, are  really  failures,  and  form  a  portion  of  those 
which  are  annually  eliminated  by  the  severe  test  of  mi- 
gration ;  and  if  this  be  so,  much  of  the  marvel  suppt^sed 
to  attach  to  the  successful  migration  of  young  birds 
disappears,  since  such  **  successful  migration,'*  except  in 
the  case  of  a  small  percentage,  does  not  occur. 


TIic  alleged  Hmnm^  Instiiid. 


There  is  one  alleged   instinct  of  great  popidai  interest 

which   Mr.  Lloyd   Morgan  dtios  not  deal  with — the  means 

ijsy  which  many  of  our  domestic  anituals,  especially  Ciits, 

logs,  and  hoi-ses^  hnti  their  way  home  tmder  circumstances 

hich  seem  to  preclude  any  direct  guidance  by  the  senses. 
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Narratives  of  the  mast  marvollous  character  have  been 
piiblishod,  but,  unfortunately,  no  systomatic  experiments 
appear  to  have  been  made,  except  a  few  by  the  late  Mr. 
Romanea  These  showed  that  a  dog  could  exactly  track 
its  ni aster's  footsteps  by  scent,  and  it  was  proved  that 
the  sceijt  was  derived  from  his  ^hoes,  which  must  of 
course  be  full  of  perspiratioa  and  other  emanations  from 
the  skin,  beciiufic  when  he  wore  new  shoes  or  those  of 
another  person  his  track  could  not  bo  followed*  In  N^ature, 
vol  vii*,  there  is  a  considerable  discussion  of  this  subject, 
and  many  remarkable  case^  are  narrated  by  various  corre- 
spondents, but  in  none  are  all  the  data  given  for  arriving 
at  a  rational  conchision  on  the  question.  I  then  writ>t« 
summarizing  the  discussion  {Nalnre,  vol.  viii.,  p.  65),  and 
suggestofl  a  series  of  expcrituents,  which  would  give  us 
the  real  infonuation  required.  My  suggestion  wan  that  a 
dog  whose  antecedents  were  known  should  be  taken  by 
a  circuitous  route  by  rail  and  road  to  some  spot  where  he 
had  never  been  before,  and  should  be  there  handed  to 
some  person  he  did  not  know,  who  should  carry  him  a 
short  distance,  and  on  releasing  him  should  keep  him  in 
sight,  either  on  foot  or  hoi'scback,  till  the  animal  retunied 
home,  noting  carefully  every  movement  and  action,  A 
moderate  number  of  such  experiments  would  settle  the 
question  of  instinct  or  sense -observation,  and  it  is  to  be 
hoped,  now  that  a  more  intelligent  interest  is  taken  in 
the  subject,  such  experiments  will  be  made. 

Theoretically,  any  instinct  of  direction  is  almost  incon- 
ceivable, because  quadrupeds  in  a  state  of  nature  do  not 
require  such  a!i  instinct.  They  leani,  step  by  step,  the 
surroundings  of  their  birth-place,  extending  their  range^ 
perhaps,  year  by  year,  but  never  requiring  to  go  back  over 
a  country  they  have  not  previously  travei^sed.  In  their 
case  ordinary  memory,  assisted  by  very  acute  senses,  would 
be  all  they  wtjuld  need.  In  the  case  of  domestic  animals 
retuiTiing  home,  we  find  that  the  recorded  time  elapsed 
varies  from  a  few  hours  to  several  days  or  weeks,  even 
when  the  distance  can  be  easily  traversed  in  a  day.  This 
shows  that  an  instit\ctive  souse  of  direction  cannot  always 
be  the  agency  eu\p\oyet\ ;  a.w\,  ^  m  ttfs  'csfta  ^askSft  is  the 
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Leieact  route  of  the  uniniars  return  known,  the  assertion 
r  often  niafJe,  tlxat  a.  special  Kcnwe  uf  direction  is  required  to 
iplain  the  facts,  cannot  bejiistifled 


I 
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Are  Acquired  Cliaraders  InhfrUtdf 

,  Two  very  interesting  chapters,  near  the  end  of  the 
volume,  are  those  entitled  "  Are  Acquired  Characters 
Inherited  "  and  *'  Modification  and  Variation/'  In  the  first 
of  these  the  bearing  of  the  whole  of  the  phenomena  of 
instinct  oh  the  vexed  question  of  inheritance  is  pointed  out, 
and  the  conclusion  is  reached,  that  although  there  ia  little 
or  no  satinfactory  evidence  of  the  transmission  of  acquired 
m^xJifi cations — that  is  of  habits,  or  their  effects  on  the 
organisni,  as  opposed  to  instincts,  yet  there  are  many  curious 
facts  which  seem  to  indicate  some  connection  between 
congenital  and  acquirctl  characters.  What  this  connec- 
tion is,  the  chapter  on  Modification  and  Variation  attempts 
to  show. 

Modification  of  the  individual  by  the  environment, 
whether  in  the  direction  of  structure  or  of  habits,  is  uni- 
versal and  of  eonsidemble  amount,  and  it  is  almost  always, 
under  the  actual  conditions,  a  beneficial  nirxlification.  But 
every  kind  of  Iwneficial  mtxHfication  is  also  being  con- 
sUintly  cfiected  through  variation  and  nattn^il  st^lcction, 
BO  that  the  beautifully  perfect  a^lajjtations  we  see  in 
nature  are  the  result  of  a  double  process,  being  partly 
congenital,  partly  acquired.  Acquired  modification  thus 
helps  on  congenital  change  by  giving  time  for  the  necessary 
variations  in  many  directions  to  be  selected,  and  we  have 
here  another  answer  to  the  supposed  difficulty  as  to  the 
necessity  of  many  coincident  variations  in  order  to  bring 
about  any  effective  advance  of  the  organism.  In  one  year 
favourable  variations  of  one  kind  are  selected  and  indi- 
vidual modifications  in  other  directions  enable  them  to  be 
utilised  :  in  Professor  Lloyd  Morgan's  words^ — "  Modifi- 
cation m  such  is  not  inherited,  but  is  the  condition  under 
which  congenital  variations  are  favoured  and  given  time 
to  get  a  hold  on  the  organism,  and  are  thus  enabled  by  de- 
grees to  reach  the  fully  adaptive  level*'     The  same  result 
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will  be  produced  by  Professor  Weismanns  recent  sugges- 
tion of  **  germinal  selection,"  so  that  it  now  appears  as  if 
all  the  theoretical  objections  to  the  "  adequacy  of  natural 
selection  '*  have  been  theoretically  answered. 

BiologistcS  invf^  a  deht  of  gr^itiiude  to  Profi*t5Sor  Lloyd 
Morgan  for  this  tnrist  interesting  and  suggestive  volume. 
It  ejehibits  all  the  clearness  and  ]>hilosophie4iI  ticumen 
which  ehanieterize  the  writings  of  the  author,  and  al- 
though in  his  desire  to  be  impartial  he  has  sometimes 
suggested  difficulties  which  are  more  apparent  than  real, 
yet  the  work  is  on  the  whole  an  admirable  introduction  to 
the  study  of  a  mast  important  and  fjiscinatiug  branch  of 
biology,  now  for  the  first  time  based  upon  a  substantial 
foundation  of  carefully  observed  facts  and  logical  induction 
from  them. 


CHAPTER   XXII 1 
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In  one  of  my  latest  conversations  with  Darwin  he 
expreased  himself  very  gloom ilj  on  the  future  of  humanity, 
on  the  gi'ound  that  in  our  mwlern  civil ization  natural 
selection  had  no  [ilay.  and  the  fittest  did  not  survive. 
Those  who  iiuccced  in  the  nice  for  wealth  ai-e  by  no  means 
the  best  or  the  most  intelligent,  and  it  is  notorious  that 
our  fMipulation  is  more  largely  renewed  in  each  generation 
from  tne  lower  than  from  the  middle  and  upper  chLyses. 
As  a  recent  American  writer  well  puts  it,  **  We  behold  the 
melancholy  spectacle  of  the  renewal  of  the  great  mass  of 
society  from  the  lowest  classes,  the  highest  classes  to  a 
great  extent  either  not  marrying  or  not  having  children. 
The  floating  population  is  always  the  scum,  and  yet  the 
streatn  of  life  is  largely  renewed  fnmi  this  source.  Such 
a  stiite  of  affairs,  sufficiently  dangerons  in  any  society^  is 
simply  suicidal  in  thu  democmtic  eiviliziitian  of  our  day.**^ 

That  the  check  tu  i)rogi*eBs  here  indicated  is  a  real  one 
few  will  deny,  and  the  problem  is  evidently  felt  to  be  one 
of  vital  im[)ortance,  since  it  hiis  attraetef!  the  attention  ot 
some  of  our  most  thoughtful  wTiteryi,  and  has  quite  recently 
funiished  the  theme  for  a  perfect  tlnod  of  articles  in  our 
best  periodicals-  I  propose  heru  to  coosiiler  very  briefly 
the  various  suggestions  made  by  these  writers ;  and  after- 
wards shall  endeavour  to  show  that  when  the  course  of 
social  evolution  shall  have  led  to  a  more  rational  organiza* 
tion  of  society,  the  problem  will  receive  its  final  solution 

*  Hiram  M.  Htttnley  in  the  .-IrertMi  Utr  June,  181l<>. 
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by  the  action  of  physiological  and  social  agencies,  and  id 
perfect  hannony  with  the  liighotit  interests  of  humaDity. 


Art  the  EemUs  of  Training  Ffertditmy  ? 

Before  diBcussitig  the  question  itself  it  will  be  well  to 
consider  whether  there  are  in  fact  any  other  agencies  than 
some  form  of  selection  to  be  relied  on.  It  has  been 
generally  accepted  hitherto  that  such  beneficial  influences 
as  education,  hygiene,  and  social  refinement  had  a  cumu- 
lative action,  and  would  of  themselves  lead  to  a  steady 
improvement  of  all  civilized  races.  This  view  re*^tetl  on 
the  belief  that  whatever  improvement  wa.s  effected  in 
individuals  was  transsmltted  to  their  progeny,  and  that  it 
would  be  thus  possible  to  eflect  a  continuous  advance  in 
physical,  moral,  and  intellectual  qualities  without  any 
selection  of  the  better  or  elimination  of  the  inferior  ty^pes. 
But  of  late  years  grave  doubt>3  have  been  thrown  on  this 
view,  owing  chiefly  to  the  researches  of  Gal  ton  and 
Weismann  as  to  the  fundamental  causes  to  which  heredity 
is  due.  The  balance  of  opinion  among  physiologists  now 
seems  to  be  against  the  heredity  of  any  qualities  acquired 
by  the  individual  after  birth,  in  which  case  the  question 
we  are  discussing  will  be  much  simplified,  since  we  shall 
be  limited  to  some  form  of  selection  as  the  only  possible 
means  of  improving  the  rtoce* 

In  order  to  make  the  difference  l>etwecn  the  two 
theories  clear  to  those  who  may  mit  fiave  followed  the 
recent  discussions  on  the  subject,  an  illustration  may  be 
useful.  Let  us  suppose  two  persons,  each  striving  to 
produce  two  distinct  types  of  horse — the  cart-horse  and 
the  racer — -from  the  wild  jjrairie  horses  of  America,  and 
that  one  of  them  believes  in  the  influence  of  food  and 
t mining,  tht-'  uthtu*  in  selection,  Esich  has  a  lot  of  a 
hundred  hoi-scs  to  begin  with,  as  nuarly  as  possible  alike 
in  quality.  The  one  who  trusts  to  selection  at  once 
divides  his  horses  into  two  lots,  the  one  stronger  and 
heavier,  the  other  lighter  an<l  more  active,  and,  bix^eding 
from  these,  continuaUy  selects,  for  the  parents  of  the 
gucceeding  gencratioii,  l\\c»«e  ^tLicU  most  nearly  approach 
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the  two  types  required.  In  thia  way  it  is  perfectly  certain 
that  in  a  comparatively  short  period — thirty  or  forty 
yeans  perhaps — he  would  be  able  to  pixiduce  two  very 
distinct  forms,  the  one  a  very  fair  racohonse,  the  other  an 
equally  good  specimen  of  a  cart-horse  ;  and  he  could  do 
this  without  subjecting  the  two  strains  to  any  difference 
of  food  or  training,  since  it  is  by  selection  alone  that  our 
various  breeds  of  domestic  animals  have  in  most  cases 
been  produced. 

On  the  other  hand,  the  person  who  undertook  to 
produce  similar  results  by  fixxi  and  training  alone,  without 
allowing  selection  to  have  any  part  in  the  process,  woukl 
have  to  act  in  a  very  different  manner.  He  should  first 
divide  hh  horses  into  two  lots  as  nearly  as  jwssible  iden- 
tical in  all  poiiita,  and  thereafter  subject  the  one  lot  to 
daily  exercise  in  drawing  loads  at  a  slow  pace,  the  other 
lot  to  equally  constant  exercise  in  running,  and  he  might 
also  supply  them  with  different  kinds  of  food  if  he  thought 
it  calculated  to  aid  in  producing  the  i-equired  effect.  In 
each  successive  generation  he  must  make  no  selection  of 
the  swiftest  or  the  strongest,  but  must  either  keep  the 
whole  progeny  of  each  lot,  or  carefully  choose  an  average 
sample  of  each  to  be  again  subjected  to  the  sjime  discipline. 
It  is  quite  certain  that  the  very  different  kinds  of  exercise 
would  have  some  effect  on  the  individuals  so  trailed,  enlarg- 
ing and  strengtfhening  a  different  set  of  muscles  in  each,  and 
if  this  effect  were  transmitted  to  the  offspring  then  there 
ought  to  be  in  this  case  also  a  steady  advance  towards  the 
racer  and  the  cart-horse  type.  Such  an  experiment,  how- 
ever, has  never  been  tried,  and  we  cannot  therefore  SJiy  posi- 
tively what  Would  be  the  result ;  but  those  who  accept  the 
theory  of  the  non-heredity  of  acquired  characters  would 
predict  with  confidence  that  after  thirty  or  forty  genera^ 
tions  of  training  without  selection,  the  last  two  lots  of  colts 
would  have  made  little  or  no  advance  to  wants  the  two 
types  i^^quired,  but  would  be  practically  indistinguishable. 

It  is  exceedingly  difficult  to  find  any  actual  cases  Uy 
illustmtc  this  point,  since  either  natural  or  artificial 
selection  has  almost  always  been  present.  The  appirt^nt 
effects  of  disuse   in  causing  the  diminution  of  certain 
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organs,  such  cOs  the  reduced  wings  of  some  birds  in  ocoanic 
islaiKk  and  the  very  sjiiall  or  aborted  eyes  of  some  of  the 
atijinals  iuhabiting  extensive  caverns,  can  be  as  well  ex- 
plained by  the  withdmwal  <jf  the  cumulative  agency  of 
natural  selection  and  by  economy  of  growth,  as  by  the 
direct  effects  of  disuse.  The  following  fitets,  however, 
seem  to  show  that  s[>ecial  skill  derived  from  practice, 
when  continued  for  seveml  geoeratioDB,  m  not  inherited, 
and  does  not  therefol^^  tend  to  increase.  The  wonderful 
skill  of  mast  of  the  Nurth  American  Indians  in  following 
a  trail  by  indications  qiuti.*  imperceptible  to  the  oiilinarj' 
European  hjis  been  dwelt  U[)on  by  many  writers,  but  it  is 
now  athnittud  that  the  white  trapiKTS  equal  and  often 
excel  them,  though  these  trappers  have  in  almost  every 
case  acquired  their  skill  in  a  compamtively  short  pcriud, 
without  any  of  the  inherited  experience  supposed  to 
belong  to  the  Intlian,  Again,  for  many  generations  a  eon- 
siderablo  proportiijo  of  the  male  population  of  Switzerland 
has  pn\cttsed  ri  tie -shooting  im  a  national  sp{)rt,  yet  in 
internationivl  contests  they  show  no  marked  superiority 
over  our  rittemen,  who  are,  in  a  large  proportion,  the  sons 
of  men  who  never  handled  a  gun.  Another  cane  is 
aftbrtled  by  the  upper  ckisws  of  this  country  who  for  many 
generations  have  been  educated  at  the  universities,  and 
have  had  their  ckissical  and  mathematical  abilities  de- 
veloped to  the  fullest  extent  by  rivalry  for  honours.  Yet 
now,  that  fV»r  some  years  these  institutions  have  been 
oponed  to  ilissenters  whose  jwirents  usually  for  many 
gL^nerations  have  hju)  tw  such  training;  it  is  found  that 
these  dissentei-s  CiiiTy  off  their  full  share  or  even  more  than 
their  share  of  honours.  We  thus  see  that  the  theory  of 
the  non-heredity  of  acfjuired  chamcters,  whether  physical 
ur  nient-^il,  is  supported  by  a  considemble  number  (A  iaets, 
whili*  few  it"  any  are  directly  opposed  to  it.  We  therefore 
propose  to  uugleet  the  intluL'nce  of  educivtion  and  habit 
as  possible  factors  in  the  improvemGnt  of  our  nice,  and  to 
oonnne  our  ai^iment  entirely  to  the  |KJssibility  of  im- 
provement by  some  form  of  selection.' 

^  Thofitj  who  desire   imMt:  infurniaLiun   on  thiii   subject  ahuuld   rc^id 
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Propomh  for  the  /mprovemeTU  of  the  Mace. 
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H  Among  the  modem  wnters  who  have  dealt  with  this 
^  question  the  opinions  of  Mn  Gal  ton  are  entitled  to  be  first 
considered,  because  he  has  studied  the  whole  subjeet  of 
human  faculty  in  the  most  thorough  manner,  and  ha.** 
perhaps  thrown  more  light  upon  it  than  any  other  writer. 
The  method  of  selection  by  which  he  has  suggested  that 
our  race  may  be  improved  is  to  be  brought  into  action  by 
means  of  a  system  of  marks  for  family  merit,  both  as  to 
health,  intellect,  and  morals,  those  individuals  who  stand 
high  in  these  respects  being  encouraged  to  marry  early  by 
state  endowments  sufficiout  to  enable  the  young  couplos 
to  make  a  start  in  life.  Of  all  the  proposals  that  have 
been  made  tending  to  the  systematic  improvement  of  our 

■  race,  this  is  one  of  the  least  objectionable,  but  it  is  a,ho 
I  fear  among  the  least  effective.  Its  tendency  would 
undoubtedly  be  to  increase  the  number  and  to  raise  the 
standard  of  our  highest  and  best  men,  but  it  would  at  the 
same  time  leave  the  bulk  of  the  population  unaffected, 
and  would  but  slightly  diminish  the  rate  at  which  the 
lower  types  tend  to  supplant  or  to  take  the  place  of  the 
higher  What  we  want  is,  not  a  higher  standard  of  per- 
fection in  the  few,  but  a  higher  average,  and  this  Qnn  best 
I  be  produced  by  the  elimination  of  the  lowest  of  all  and  a 
free  intermingling  of  the  rest. 
Something  of  this  kind  is  proposed  by  Mr,  Hiram  M. 
Stanley  in  his  article  on  '*Our  Civilization  and  the 
Marriage    Problem,"    already    referred    to.     This    writer 

•believes  that  civilizations  perish  becanse,  as  wealth  and 
art  increase,  corruption  creeps  in,  and  the  new  gener- 
ations foil  in  the  work  of  progress  becanse  the  renewal  of 
individuals  is  left  chiefly  to  the  unfit  The  two  great 
■•fectors  which  secure  perfection  in  oAch  animal  race — 
Haexual  selection  by  which  the  fit  are  bom,  and  natural 
Hjielection  by  which  the  fittest  survive^ — both  fail  in  the 
^■case  of  mankind,  among  whom  are  hosts  of  individuals 
^KPrhich  in  any  other  class  of  beings  would  never  have  been 
^nom,  or,  if  bom  would  never  survive.  He  argues  that, 
■     VOL,  I,  \*  \* 
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unless  some  effective  ineasures  are  soon  adopted  and 
strictly  enforced,  our  case  will  be  irremediablG  ;  and,  since 
natuml  selection  faib  so  largely,  recourse  must  be  had  to 
artificial  selection,  *'The  drunkard,  the  critninal,  the 
diseased,  the  morally  weak  should  never  come  into 
society.  Not  reform  but  prevention  should  be  the  cry," 
The  method  by  which  this  is  proposed  to  be  done  is  hinted 
at  in  the  following  imssages :  "  In  the  true  golden  age, 
which  lies  not  behind  but  before  us,  the  privilege  of 
parentage  will  be  esteemed  an  honour  for  the  compara* 
tively  few,  and  no  child  will  be  bom  who  is  not  only 
sound  in  body  and  mind,  but  also  above  the  average  as  to 
natural  ability  and  moral  force  "^and  again^**  The  most 
iinjMrtant  matter  in  society,  the  inherent  quality  of  the 
members  which  compose  it,  should  be  regulated  by 
trained  specialists/* 

Of  this  proposal  and  all  of  the  same  character  we  may 
sa}^  that  nothing  can  possibly  be  more  objectionable,  even 
if  we  admit  that  they  might  be  effectual  in  securing  the 
object  aimed  at.  But  even  this  is  more  than  doubtful ; 
and  it  is  quite  certain  that  any  such  interference  with 
personal  freedom  in  matters  so  deeply  affecting  individiial 
happiness  Avill  never  be  adopted  by  the  majority  of  any 
nation,  or  if  adopted  would  never  be  submitted  to  by  the 
minority  without  a  life -and -death  struggle. 

Another  popular  writer  of  the  greatest  ability  and 
originality,  who  has  recently  given  us  his  solution  of  the 
problem,  is  Mr.  Grant.  Allen,  His  suggestion  is  in  some 
respects  the  very  reverse  of  the  last,  yet  it  is,  if  possible, 
even  more  objectionable.  Instead  of  any  interference 
with  personal  freedom  he  proposes  the  entire  abolition  of 
legal  restrictions  as  to  marriage,  which  is  to  bo  a  free 
contract,  to  last  only  so  long  as  either  party  desires. 
This  alone,  however,  would  have  no  efiect  on  race- 
improvement,  except  probably  a  prejudicial  one.  The 
essential  part  of  his  method  is,  that  girls  should  be  taught 
both  by  direct  education  and  by  the  influence  of  public 
opinion,  that  the  duty  of  all  healthy  and  intellectual 
women  is  to  be  the  mothei^  of  as  many  and  as  perfect 
children   as    possMe.     ?<>t  Vcii'sa   ^uxi^rhrl  t,k<aY  are  re- 
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com  mended  to  choose  aa  tempurary  husbands  the  fintist^ 
healtbicBt,  and  mast  intellectual  men,  thus  omuring  a 
variety  of  combinations  of  juircntal  ijualitiL'.s  which  vvotild 
leiid  to  the  production  of  oifepring  of  the  highest  po?ssible 
chanicter  and  to  the  continual  advancement  of  the  nice.^ 

I  think  I  have  fairly  so  mm  arize  d  the  essence  of  Mr* 
Grant  Allon's  pmposaL  which,  though  enforced  with  all 
his  litemry  skill  and  piquancy  <*f  illustrafcioni  can,  in  my 
opinion,  only  be  htly  described  by  the  term  already 
appHed  to  it  by  one  of  his  reviewers,  "  detestiible,"  It 
piirpjrts  to  be  advanced  in  the  interests  of  the  children 
and  of  the  race;  but  it  would  necessarily  impair  that 
family  life  and  parent^il  aiiection  which  are  the  prime 
essentials  to  the  well-being  of  children ;  while,  though  it 
need  not  necessarily  produce,  it  would  certainly  favour,  the 
increase  of  pure  sensualism,  the  nicist  degniding  and  inoat 
fatal  of  all  the  qualities  that  tend  to  the  detetiomtion  of 
races  and  thtt  downlall  of  natiunt*.  One  of  the  modern 
American  advoc^ites  of  greater  liberty  of  divni-ce,  in  the 
interest  of  marriage  itself,  thus  adrnimbly  sumn^irizes  the 
essential  characteristics  and  purport  of  true  marriage. 
*'  In  a  true  relation,  the  chief  object  is  the  loving 
comjKinionship  of  man  and  woman,  their  capacity  for 
mutual  help  and  happiness,  and  for  the  development  of 
all  that  is  noblest  in  each  other.  The  second  object  is  the 
building  up  a  home  and  family,  a  place  of  rest,  peace, 
security,  in  which  child -life  can  bud  and  blossom  like 
flowena  in  the  sunshine/'^  For  mich  rest^  peace,  and 
security,  permanence  is  essential.  This  permanence  need 
not  be  attained  by  rigid  law,  but  by  the  influence  of  public 
opinion,  and,  more  surely  still,  by  those  deep-seated 
feelings  and  emotions  which,  under  favourable  conditions, 
render  the  marriage  tie  stronger  and  its  influence  more 
beneflcial  the  longer  it  endures.  To  nie  it  ai>j^K?ars  that 
no  system  of  the  relations  of  men  and  women  could  be 
more  fatal  to  the  happiness  of  individuals,  the  well-being 


»  See  '*The  tiirl  of  the  Future"  in  Th^.  UititJerml  Rtm^tp,  May,  iS90, 
wad  a  previoMS  article  entitle<1,  **  Pin  in  Words  on  tlitf  Wcjiiian 
Queation/'  in  Tht^  Fortmtfhfly  Ihrifir^,  Octuber,  1S80, 

^  KUzaljeth  Ciidy  Stanton,  tn  the  Anmaj  April,  JKJ^O. 
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of  children,  or  the  advancement  of  the  lace,  than  that  pro- 
posed by  Mr.  Grant  Allea 


Ohjcdimu  to  all  the  preceding  Proposals. 

Before  proceeding  further  with  the  main  question  it  is 
necessary  to  pjint  out  that^  beaidcB  the  special  objections 
to  each  of  the  proposals  here  noticed,  there  is  a  general 
and  ftindanientat  objection.  They  all  attempt  to  deal  at 
once,  and  by  direct  legislative  enactment,  with  the  most 
impirtjint  and  most  vital  of  all  human  rektionB,  regsirdless 
of  the  fact  that  our  present  phase  of  social  development 
is  not  only  extremely  imperfect,  but  vicious  and  rotten  at 
the  core.  How  can  it  be  possible  to  determine  and  settle 
the  relations  of  Avomen  to  men  which  shall  be  best  alike 
for  individuals  and  for  the  race,  in  a  society  in  which  a 
very  large  prQix>rtion  of  women  are  obliged  to  work  long 
houT^  daily  jbr  the  barest  subsistence,  while  another  large 
proportion  are  forced  into  more  or  less  uncongeniai 
marriages  as  the  only  means  of  securing  some  amount  of 
personal  independence  or  physictil  well-being?  Let  any 
ona  consider,  on  the  one  hand,  the  lives  of  the  wealthy  as 
portrayed  in  the  society  newspax>ers,  and  even  in  the 
advertinements  of  such  papers  as  The  Ficid  and  The  Qnem^ 
with  their  endless  round  of  pleasure  and  luxury,  their 
almost  inconceivable  wastefulness  and  extravagance, 
indicated  by  the  cost  of  female  dress  and  fciuch  facts  aa  the 
expenditure  of  a  thousand  pounds  on  the  flowers  for  a 
single  entertainment ;  and,  on  the  other  hand,  the  terrible 
condition  of  millions  of  workers — mon,  women,  and 
children — as  detailed  in  the  Beport  of  the  Lords'  Cmn- 
missUm  (m  Siveaimg^  on  absolutely  incontestable  evidence, 
and  the  still  more  awful  condition  of  thcjse  who  seek 
work  of  any  kind  in  vain  ^  and,  seeing  their  children  slowly 
dying  of  starvation,  are  driven  in  utter  helplessness  and 
despair  to  murder  and  suicide.  Can  any  thoughtful 
person  admit  for  a  moment  that,  in  a  society  8o  con- 
stituted that  these  overwhelming  contrasts  of  luxurj*  and 
privation  are  looked  upon  as  necessities,  and  are 
tr£*a ted  by  the  L£gia\alAiTe  ?va  Yft^K-Xfera^  m\i^  which  it  hai 


rum  HUMAK  SELICTION  .^17 


I 


I 


i 


practically  nothing  to  do,  there  is  the  smallest  probability 
that  we  can  deal  succeasfuUy  with  such  tremendous  s^oeial 
problems  as  those  which  involve  the  marriage  tie  and  the 
family  relation  as  a  means  of  promoting  the  phyisical  and 
moral  advancement  of  the  race  ?  What  a  mockery  to 
still  further  whiten  the  sepulchre  of  modem  society,  in 
which  is  hidden  "  all  manner  of  corruption/'  with  schemes 
for  the  moral  and  physical  advancement  of  the  race ! 

Sotml  Advance  will  result  in  Imprommiiti  of  Chn't^acUr^ 

It  is  my  firm  conviction,  for  reasons  which  I  shall  state 
presently,  that,  when  we  have  cleansed  the  Augean  stable 
of  our  existing  social  organization,  and  have  made  such 
arrangements  that  all  shall  contribute  their  share  of 
either  physical  or  mental  labour,  and  that  *ill  workers 
shall  reap  the  full  and  equal  rewaitl  of  their  work,  the 
future  of  the  race  will  be  ensured  by  those  laws  of  human 
development  that  have  led  to  the  slow  but  continuoui^ 
advance  in  the  higher  qualities  of  human  nature.  When 
men  and  women  are  alike  free  to  follow  their  best 
impulses;  when  idleness  and  vicious  or  usule,ss  luxury 
on  the  one  hand,  oppressive  labour  and  starvation  on  the 
other,  are  alike  unknown ;  when  all  receive  the  best  and 
most  thorough  education  that  the  stiite  of  civilisation  and 
knowledge  at  the  time  will  admit ;  when  the  standard  of 
public  opinion  is  set  by  the  wisest  and  the  best,  an<l  that 
standard  is  systematically  iiic  idea  ted  on  the  young ;  then  we 
shall  find  that  a  system  of  selection  will  come  spontaneously 
into  action  which  >vill  st-eadily  tend  to  eliminate  the  lower 
and  more  degraded  types  of  man,  and  thus  eontinuously 
raise  the  average  standard  of  the  race.  I  bhcrefore 
strongly  protest  against  any  attt^mpt  to  deal  with  this 
great  question  by  legal  enactments  in  our  present  stat^? 
of  unfitness  and  ignorance,  or  by  endeavouring  to  modify 
public  opinion  as  to  the  beneficial  character  of  monogamy 
and  pcnuanence  in  marriage.  That  the  existing  popular 
opinion  is  the  true  one  is  well  and  briefly  shouii  by 
Miss  Chapman  in  a  recent  number  of  LipjnJhcoU's 
MagaziJie ;  and  as  her  statement  of  the  case  expresses  my 
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own    views,   and    will,   I    think,   Ix^   approved   by   ii>*i«t 
thinkens  on  the  subject,  I  here  give  it. 

*^  L  Nuhtre  plainly  indicflteH  pemijinont  marrmgt;  hm  Uie  tjnie 
human  relatiim.  Thi3  young  of  the  human  \mh'  need  pnretital  cJiru 
and  BUjier\'i8i<»n  for  h  great  nunjber  r>f  yeiUT** 

**  2.  fjiAlinrf  lis  Htrongly  on  the  side  of  indiKHoIuhle  lu^LiTinge,  In 
pi"(>p>rtioii  i\H  men  loavt*  in*ut<»<lntn  l>ehind  and  ent-er  into  the  fnlnehs 
of  thoir  human  heribtge,  they  will  cease  to  kilerHte  the  id^k  of  twi* 
or  tuorti  living  jiartneris. 

**3*  ffintttrtf  shiiws  <:<mcl naively  that  where  divoi-c*?  lias  l>een 
tsaay,  lieentiouanesH,  di*M»rdur,  and  often  conjplet^  Aniirehy  huve 
prevailed.  The  hiatory  of  civilistntJon  h  the  histoiy  of  iidvaucv  in 
mom>grtiny,  fif  the  iidelity  of  one  nmntf)  one  wonmn.  and  one  woman 
t4>  one  mtLtu 

**4.  Scirn4*f  tells  the  same  tale.  Physiology  imd  HyjpeDtj 
point  ki  temperttnce,  not  riot,  8iK;iol<>gy  shoMs*  how  nian,  in  npite 
of  himself,  in  tjver  striving,  through  hiwer  f(»rni«,  upward,  U*  the 
m<inoganiic  r^latifin* 

**  5*  Ej}}t*rimi^f  demonstrates  to  every  one  of  xtis^  individimlly,  the 
miperioiity  of  the  indiKHoluble  marriage.  We  kn<'W  that,  apeakiiig 
hnwuUy^  maniagei*  twrn  out  well  or  ill  in  innptn'tion  a«  hii>^lmiid  and 
wife  are^ — let  me  not  say  loving — but  loyal^  sinking  differences 
and  even  grievances  for  the  sake  of  children  and  for  the  «Mike  of 
example."' 

We  have  now  to  consider  what  woukl  be  the  probable 
effect  of  a  condition  of  social  advancement,  the  esst-ntial 
characteristics  of  which  have  been  ah^cady  hinted  at,  on 
the  two  great  problems — the  increase  of  population,  and  the 
continuous  improvement  nf  the  i^cc  hy  i?ome  fonn  of 
selection  which  we  have  reason  to  believe  ia  the  only 
method  available.  In  oixler  to  make  this  clear,  however, 
and  in  order  that  we  may  fidly  realize  the  forces  that  would 
come  into  play  in  a  just  and  rational  j^tate  of  society,  such 
as  may  certainly  he  realized  in  the  not  distant  future,  it  will 
be  necesaaiy  to  have  a  clear  conce]»tiou  of  it-s  main  character- 
istics. For  this  pnr[>osi%  and  without  committing  myself 
in  any  way  to  an  approval  of  all  the  details  of  his  scheme, 
I  shall  make  use  of  Mn  Bellamy^s  clear  and  forcible 
pictui^*  t>f  the  society  of  the  fntiire,  as  he  supposes  it  may 
exist  in  Ameiica  in  little  more  than  a  century  hence.* 

The  essential  principle  on  which  society  is  snpposed  to  be 
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founded  is  that  of  a  great  family.  As  in  a  well-i^gulated 
modern  family  the  elders,  those  who  have  experienctj  of  the 
labours,  the  duties,  and  the  responsibilities  of  life,  determine 
the  general  mode  of  living  and  working,  with  the  fullest 
comideration  for  the  convenience  and  real  well-being  of 
the  younger  members,  and  with  a  i^eeognition  of  their 
essential  independence.  As  in  a  family,  the  same  comforts 
and  enjoyments  are  secured  to  all,  and  the  very  idea  of 
making  any  difference  in  this  respect  to  those  who  fri>m 
mental  or  physical  disability  are  unable  to  do  so  much  as 
others,  never  occurs  to  any  one,  since  it  is  op]iosed  to  the 
essential  principles  on  which  a  triie  society  of  human 
brotherhfjod  is  held  to  rest.  As  regards  education  all 
have  the  same  advantages,  and  all  receive  the  fullest  and 
best  tminiog,  btjth  intellectual  and  physicjil ;  every  one  is 
encouraged  to  follow  out  those  studies  or  pursnit^nfor  which 
they  are  best  fitted,  or  for  which  they  exhibit  the  strongest 
inclination.  This  education,  the  complete  and  thorough 
training  for  a  life  of  usefiilness  and  enjoyment,  cnntiniies 
in  both  st^xes  till  the  age  of  twonty-one  (or  thereabouts), 
when  all  alike,  men  and  women,  take  their  place  in  the 
lower  ninks  of  the  industrial  army  in  which  they  serve  lor 
three  years.  During  the  latter  years  of  their  education, 
and  during  the  succeeding  three  years  of  industrial  service, 
every  opportunity  is  given  them  to  see  and  undei'stand 
every  kind  of  work  that  is  carried  on  by  the  coinmunity,  so 
that  at  the  end  of  the  term  of  probation  they  can  choose 
what  department  of  the  public  service  they  prefer  to  enter. 
As  every  one — men,  women,  and  children  alike — receive 
the  same  amount  of  public  credit^their  equal  share  of  the 
protiucts  of  the  labour  of  the  conxrn  unity,  the  attnietive- 
ness  of  various  pursuits  is  equalized  by  diflerenees  in  the 
hours  of  labour,  in  holidays,  or  in  special  privileges  attJiclied 
to  the  more  disagreeable  kinds  of  necessarv  work,  and  these 
m*e  so  UHxlified  from  tiuje  t<j  time  that  the  volunteers  for 
every  occupation  are  always  about  equal  to  its  require- 
ments.  The  only  other  essential  feature  that  it  is 
necessary  to  notice  for  our  present  purpose  is  the  system 
pudes,  by  which  good  conduct,  perseverance,  and 
lligence    in    every     department     of    industry*    and 


sm  8TUBIB8,  SCIENTIFIC  AND  BOdAii  cu^ 


occupation  are  fully  recogni^d,  and  learl  to  apjwmtnaeiits 
as  foremen,  superintendents,  or  general  managers,  and 
ultimately  to  tne  highest  offices  of  the  state.  Every  one 
of  these  gradett  and  appointments  is  made  public :  and  as 
they  constitute  the  only  honours  and  the  only  differences  of 
rank,  with  corresponding  insignia  and  privileges,  in  an 
otherwise  equal  body  of  citizens,  they  are  highly  esteemed, 
and  serve  as  ample  inducements  to  industry  and  zeal  in 
the  public  service. 

At  firat  sight  it  may  appear  that  in  any  state  of  society 
whose  essential  features  were  at  all  like  those  here  briefly 
outlined,  all  the  usual  restraints  to  early  marriage  as  they 
now  exist  would  be  removed,  and  that  a  rate  of  mcrease  of 
the  population  unexampled  in  any  previous  em  would  be 
the  result,  leading  in  a  few  generations  to  a  difficulty  in 
obtaining  subsistence,  which  Mai  thus  has  shown  to  be  the 
inevitable  result  of  the  normal  rate  of  increase  of  mankind 
when  all  the  positive  as  well  as  the  preventive  checks  are 
removed.  As  the  positive  checks^ — wliich  may  be  briefly 
summarized  as  wai%  pestilence,  and  famine — are  supposed 
to  be  non-existent,  what,  it  may  be  asked,  are  the  preventive 
checks  which  are  suggested  as  being  capable  of  reducing 
the  rate  of  increase  within  manageable  limits  ?  This 
very  reasonable  question  I  will  now  endeavour  to  answer 

Natural  Checks  to  rap^id  Ificrmse. 

The  first  and  most  important  of  the  checks  upon  a  t*xi 
rapid  increase  of  popidation  will  be  the  comparatively  late 
average  peritxl  of  marriage,  which  will  be  the  natuml 
result  of  the  very  conditions  of  society,  and  will  besides 
be  inculcated  during  the  period  of  efhiciition,  and  still 
further  enforced  by  public  opinion.  As  the  perio<i  of  sys- 
tematic education  is  supposed  to  extend  to  the  age  of 
twenty-one,  up  to  which  time  hoih  the  mentsil  and  physical 
powers  will  be  trained  und  exercised  to  their  fullest  capacity, 
the  idea  of  marriage  during  this  period  will  rarely  be  ent-er- 
tained.  During  the  last  year  of  education,  however,  the 
subject  of  mamage  will  be  dwelt  upon,  in  its  bearing  on 
individual  happiness  and  on  social  well-being,  in  relation 
to  the  welfare  of  tbe  iieTsit^<eTv^ic^X\ci^^Tv^\^S!ft,«t^w^^i\^^ 
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development  of  the  mce.  The  most  careful  and  deliberate 
choice  of  partners  for  life  will  be  inculcated  as  the  highast 
eocial  duty  ;  while  the  young  women  will  be  so  trained  as 
to  look  withi5€om  and  loathmg  on  all  men  who  in  any  way 
wilfully  fail  iu  their  duty  to  society — on  idlers  and  malin- 
gerc^rs,  on  drunkards  and  liars,  on  the  ^Ifiinh,  the  cniel,  or 
the  vicious.  They  will  be  taught  that  the  happiness  of 
their  whole  lives  will  depend  on  the  care  and  deliberation 
with  which  they  choose  their  husbands,  and  they  will  be 
urged  to  accept  no  suitor  till  he  has  proved  himself  to  be 
worthy  of  respect  by  the  place  he  holds  and  the  chanu^ter 
he  bears  among  his  fellow -labourers  in  the  public  service. 

Under  social  conditions  which  render  every  woman  ab- 
solutely independent,  so  far  as  the  necessaries  and  comforts 
of  existence  arc  concerned,  surrounded  by  the  charms  of 
family  life  and  the  pleasures  of  society,  which  will  be  far 
greater  than  anything  we  now  realize  when  all  will  possess 
the  refinements  derived  from  the  be.st  possible  education, 
and  all  will  be  relieveil  from  sordid  care^  and  the  struggle 
for  mere  existence,  is  it  not  in  the  highest  degree  probable 
that  marriage  will  rarely  take  place  till  the  woman  has  had 
three  or  four  years'  expenence  of  the  world  after  leaving 
college— that  is,  till  the  age  of  25,  while  it  will  very  fre- 
quently be  delayed  till  30  or  upwards  ?  Now  Mr  Gal  ton 
Has  shown,  from  the  best  statistics  available,  that  if  we 
comjjare  women  married  at  20  with  those  married  at  29, 
the  proportioueate  fertility  is  about  as  8  to  5.  But  this 
difference,  large  as  it  is,  only  represents  a  portion  of  the 
effect  on  the  rate  of  increase  of  population  caused  by  a 
delay  in  the  average  period  of  marriage.  For  when  the 
age  of  marriage  is  delayed  the  time  between  successive 
generations  is  correspondingly  lengthened ;  while  a  stil! 
further  effect  is  protluced  by  the  fact  that  the  greiiter  the 
average  age  of  marriage  the  fewer  generations  are  alive 
at  the  same  time,  and  it  is  the  combined  effect  of  these  three 
factors  that  determines  the  actual  rate  of  increase  of  the 

Illation.^ 

ut  there  is  yet  another  factor  tending  to  cheek  the 

*^  See  Inqmrirn   itUo  Humnu   FantH^  <tnd  lU  Dtv^i^^^/tn^ntt  p*   3^1  ; 
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increaiM>  of  population  that  would  come  into  play  in  a 
society  such  as  wl*  hav  e  feen  considering.  In  a  remarkable 
essay  on  the  Theort/  of  Pt^^imlatiou  Herbert  Speneer  haa 
shown,  by  an  elabiinite  cliscnsmon  of  the  phenoinena  pre- 
aenteflby  the  whole  animal  kingdom,  that  the  maintenance 
of  the  individual  and  the  propagation  of  the  race  vary 
inversely,  those  8j>ecics  and  grt>up^5  which  have  the  short- 
est and  most  uncertain  lives  producing  the  grtatest  num- 
ber of  offspring ;  in  other  words,  individuation  and  repro- 
duction are  antagonistic.  But  individuation  depends 
alnic^t  €*ntirely  on  the  development  and  specialization  of 
the  nervous  system,  through  which,  not  only  are  theseveml 
activities  and  co-ordinations  of  the  various  organs  carried 
on,  but  all  advance  in  instinct,  emotion,  and  intellect  is 
rendere*!  possible.  The  actual  rate  of  incn?ase  in  man  has 
been  tletennined  by  the  necessities  of  the  savage  state, 
in  which,  as  in  most  animal  s[>ee.ies,  it  has  usually  been 
only  just  sufficient  to  maintain  a  limited  average  [xipu- 
lution.  But  with  civilizfition  the  average  duration  of  life 
increiises,  and  the  possible  increase  of  population  under 
favourable  conditions  becomes  very  great,  because  fertility 
is  greater  than  is  needed  under  the  new  conditions.  The 
advance  in  civilization  as  regards  the  preservation  of  life 
has  in  recent  times  become  so  rapid,  and  the  incrt*astKJ 
development  of  the  nervous  system  has  been  limited  to  so 
small  a  portion  of  the  whole  iK>pu!ation,  that  no  general 
diminution  in  fertility  hm  yet  occurred.  That  the  facts  do, 
however,  acconl  with  the  theory  is  indicated  by  the  com- 
mon I  observation  that  highly  intellectual  parents  ilo  not  t\s 
a  rule  have  largo  families,  while  the  most  rapid  increase 
occurs  in  those  classes  which  are  engaged  in  the  simpler  kinds 
of  manual  labour.  But  in  a  state  of  society  in  which 
all  will  have  their  higher  faculties  fully  cultivated  and 
fully  exercised  throughout  life, a  slight  general  diminution 
of  fertility  would  at  once  arise,  and  this  diminution  added 
to  that  causerl  by  the  later  average  pericKl  of  marriage 
would  at  once  bring  the  nite  of  increase  of  population 
within  manageable  limits.  The  same  general  principle 
enables  us  to  look  forward  to  that  distant  future  when  the 
.world  will  be  fully  peo^VeA/vu  i^t'i^io-X  ^"sw^^'sas.^a,  \i!^t  an 
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equilibrium  between  the  birth  and  death  rateswill  thenbe 
brought  about  by  a  eonibination  of  physical  and  social 
agt^ncies,  and  the  bugbear  of  ovcr-poj>idation  become  finally 
extinct-^ 

rHmt^  Natural  Sdcdion  wUl  iniproir  the  Mace, 
There  now  only  remainjs  for  conaidoratiou  the  niean^  by 
which,  in  anch  a.  society,  acouttnitons  improvement  of  the 

race  could  be  brought  about,  on  the  aHSumption  that  for 
thi^  purpose  ediu^ation  is  powerless  as  a  direct  agency, 
^  since  its  effects  are  not  hemditary,  and  that  souie  fonn  of 
^m  eetection  is  an  absolute  necessity.  This  iniproveiuent  I 
believe  will  certainty  be  effected  through  the  agency  of 
female  choice  in  marriage.  Let  us,  therefore,  consider 
how  this  would  probfibly  act. 

It  will   be   generally   admitted   that,  although    tnany 

women  now  remain  unmarried  from  necessity  rather  than 

from  choice,   there  are  always  a  considerable  number  who 

'       feel   no  strong  inclination  to  marriage,   and  who  accupt 

B  husbfinds  to  secure  a  yubwistence  or  a  home  of  their  own 

H  mther  than  from  personal  affection  or  sexual  emotion.     In 

H  a  society  in  which  woinen  were  all  pecuniarily  inde[)endent, 

~    were  all  fully  occupied  with  juiblic  duties  and  intellectual 

or  social  enjoyments,  and  hart  nothing  to  gain  by  marriage 

as  regards  material  well-being,  we  may  be  sure  that  the 

number   of   the    unmarried   from   choice   would    largely 

incre^ise.     It  would  im^bably  come  to  be  considered  a  de- 

gmdatiou  for  any  woman  to  marry  a  man  she   could  not 

bot|i  love  and  esteem,  anti  this  feeling  would  supply  ample 

reasons  for  either  abstaining  from  ruMmage  altogi'ther  or 

k  delaying  it  till  a  worthy  <and  sympathetic  husband  wiis 
encountert!d*  In  man,  on  the  other  hand,  the  paj^^iou  of 
love  is  more  gene  ml,  and  usually  stronger :  and  as  in  such 
a  society  as  is  hei'e  postulated  there  would  be  no  way  of 
gratifving  this  pission  but  by  marriage,  almost  every 
wrjmaii  wotd(l  receive  offers,  and  thus  a  powerful  selective 
^k  agency  would    rest   with    the    female    sex»     Under   the 

*  -.4   Th^iiry  of  population  dcd\itii:d  frmti  thr  Ottm^d  Lfitr  of  Attinm/ 
Ftt'lififjf*     Repitblished  fniiii  the  WtMmiitAtrr  Rtt'k*v  for  A^vriJ,  1852. 
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system  of  education  and  of  public  opinion  here  suggested 
there  can  be  no  doubt  how  this  election  would  bt^ 
exercised.  The  idle  and  the  selfish  would  be  almost 
universally  rejected.  The  diseased  or  the  weak  in  intellect 
would  also  usually  remain  unmarried ;  while  those  who 
exhibited  any  tendency  to  insanity  or  to  hereditary 
disease,  or  who  jKmsej^st^  any  congenital  (!eformity  would 
in  hardly  any  Ciise  find  partners >  because  it  would  be  con- 
sidered an  offence  against  society  to  be  the  means  of 
perpetuating  such  diijeases  or  imperfectiona 

We  must  also  take  into  account  a  special  fact^jr 
hitherto,  I  believe,  unnoticed  in  this  connection,  that 
would  in  all  probability  intensify  the  selection  thus 
exercised*  It  is  well  known  that  females  are  largely  in 
excess  of  males  in  our  existing  population,  and  this  fact, 
if  it  were  a  necessary  and  permanent  one,  would  tend  to 
weaken  the  selective  agency  of  women,  as  it  undoubtedly 
does  now.  But  there  is  good  reason  to  believe  that  it 
will  not  be  a  permanent  feature  of  our  population.  The 
births  indicate  a  natural  tendency  in  the  opposite 
direction,  since  they  always  give  a  larger  proportion  of 
males  than  females,  varying  from  3  J  to  4  per  cent.  But 
boys  now  die  so  much  more  rapidly  than  girls  that  when 
we  include  all  under  the  age  of  five  the  numbers  are 
nearly  equal.  For  the  next  five  veal's  the  mortality  is 
nearly  the  same  in  both  sexes ;  then  that  of  females  pre- 
ponderates up  to  30  years  of  age,  then  up  to  HO  that  of 
men  is  the  larger,  while  for  the  rest  of  life  female  mortality 
is  again  greateBt  The  general  result  is  that  at  the  ages 
of  most  frequent  marriage^ — from  20  to  35 — fenxales  are 
between  8  and  9  per  cent,  in  excess  of  males.  But 
during  the  ages  from  5  to  35  we  find  a  wonderful  excess 
of  male  deaths  from  two  preventible  causes — ^**  accident " 
and  *'  violence."  For  the  year  1888  the  deaths  from  the^e 
caus«is  in  England  and  Wales  was  as  follows  :— 

Mfdes      (5  tt)  35  yem's)  4,158 
Femakft  (5  to  35  years)  1,100  » 

Here  we  have  an  excess  of  male  over  female  deaths  in 
Annual  Report  ol  Uie  Ue^VRVtw^AjtuiiVBX,  \Ssa4^  ^v,  106-7* 
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otie  year  of  3,058,  all  between  the  ages  of  5  and  35,  a 
very  large  portion  of  which  is  no  doubt  due  to  the  greater 
risks  run  by  men  and  boys  in  various  industrial  occupa- 
tions, in  sport,  and  in  war.  In  a  state  of  society  in  which 
tho  bulk  of  the  population  w^erc  engaged  in  industrial 
work,  and  were  all  social  equals,  it  is  quite  certain  that 
almost  all  these  deaths  would  be  prevented,  thus  bringing 
the  male  population  more  nearly  to  an  equality  with  the 
female-.  But  there  are  also  many  unhealthy  employments 
in  which  men  are  exclusively  or  more  largely  engaged, 
such  as  the  grinders  of  Sheffield,  and  many  others ;  and 
many  more  men  have  their  lives  shortened  by  labour  in 
un ventilated  workshops,  to  say  nothing  of  the  loss  of  life 
at  8ea  and  in  war.  When  the  lives  of  all  its  citizens  are 
accounted  of  equal  value  to  the  coinmunity,  no  one  will 
be  allowed  to  suffer  from  such  preventible  causes  as  these  ; 
and  this  will  still  further  reduce  the  mortality  of  men  as 
compared  with  that  of  women.  On  the  whole,  then,  it 
seems  highly  probable  that  in  the  society  of  the  future 
the  8U|jerior  numbers  of  males  at  birth  will  be  maintained 
throughout  life,  or,  at  all  events,  during  what  may  be 
termetl  the  marriageable  period.  This  will  greatly  in- 
crease the  influence  of  women  in  the  improvement  of  the 
race.  Being  a  minority  they  will  be  more  sought  after, 
and  mil  have  a  real  choice  in  marriage,  which  is  rarely 
the  case  now.  This  actual  minority  being  further  in- 
creased by  those  who,  from  the  various  causes  already 
referred  to,  abstain  from  marriage,  will  cause  considerable 
numbers  of  men  to  remain  permanently  unmarried,  and 
as  these  will  consist  verj^  largely,  if  not  almost  wholly*  of 
those  who  are  the  least  perfectly  developed  either  mentally 
or  physically,  the  constant  advance  of  the  r^ce  in  every 
gocd  quality  will  be  ensured. 

This  meth<xi  of  improvement,  by  elimination  of  the 
worst,  ha*3  many  advantages  over  that  of  securing  the 
early  marriages  of  the  best.  In  the  first  place  it  is  the 
direct  instead  of  the  indirect  way,  fiu'  it  is  more  im]jortant 
and  more  beneficial  to  society  to  improve  the  average  of 
its  members  by  getting  rid  of  the  lowest  types  than  by 
raising  the  highest  a  little  higher.     Exceptionally  great 


mi& 


8TODIE8,  SCIKNTIFIC  AND  J^Ot^IAL         cu.  xxH 


and  good  men  are  alwajT>  produced  in  sufficient  numbers, 
and  have  always  been  sti  prDciac4.*d  in  every  pha^ie  of  civil- 
izatioti.  We  do  not  need  more  of  these  ^i  niiich  as  we 
need  less  of  the  weak  and  the  bad.  This  weeding-out 
systetu  has  been  the  meth<:»d  of  natural  selection,  by  which 
the  anitiial  and  vegetable  worlds  have  been  improved  and 
developed.  The  survival  of  the  fittest  is  really  the  extinc- 
tion of  the  unfit.  Iji  nature  this  occurs  perpetually  on  an 
enoniiou^  scale,  beciiuae,  owing  to  the  nipid  incre^is&e  of 
niust  organisms,  the  unfit  which  are  yearly  destroyed  fonn 
a  large  proportion  of  those  that  are  born-  Under  our 
hitherto  iniperlfct  civilization  thi^  whole.some  proce^  hast 
been  checked  as  regards  mankind ;  but  the  cheek  has  been 
the  re.^uit  of  the  development  of  the  higher  attributes  of 
our  nature.  Humanity— the  essentially  hmmm  emotion 
— haa  caused  us  to  save  the  lives  of  the  weak  and  suffer- 
ing, of  the  maimed  or  imperfect  in  mind  or  body.  This 
has  to  some  extent  been  aixtagonistic  to  phyi^ical  and  even 
intellectual  race-improvement;  but  it  htus  improved  us 
momlly  by  the  continuous  development  of  the  character- 
istic and  crowning  grace  of  our  human,  as  distinguished 
from  our  animal  nature. 

In  the  Siwiety  of  the  future  this  defect  will  be  remedied, 
not  by  any  diminutiau  of  our  humanity^  but  by  encoumg- 
ing  the  activity  of  a  still  higher  human  chaiiw?teri&tic— 
mlniiration  of  all  that  is  lieautiful  and  kindly  and  self- 
sacrificing,  repugnance  to  all  that  is  selfijj^h,  base,  or  cruel. 
When  we  allow  ourselves  to  be  guided  by  reason^  justice, 
and  public  spirit  in  our  dealings  with  our  fellow-men,  and 
determine  to  abijlish  j>overty  by  recogni/ing  the  etpial 
rights  of  all  the  c^itizens  of  our  common  land  to  an  equal 
share  of  the  wealth  which  all  combine  to  produce — when 
we  have  thus  solved  the  lesser  problem  of  a  rational  social 
organization  adapted  to  secure  the  equal  w^ell -being  of  all, 
then  we  may  safely  leave  the  far  greater  and  deeper 
problem  of  the  improvement  of  the  race  to  the  cultivated 
minds  and  pure  instincts  of  the  men,  and  especially  of  the 
Women  uf  the  Futui'e. 
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